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evidence has accumulated to indicate that poliomyelitis is propagated 
within the central nervous system along axonal channels and that the 
clinical manifestations of the disease are explainable on the basis of 
advance of the infection solely through and within the nervous system. 
The excellent studies of Hurst' and Pette, Demme and Kornyey * 
disclosed that the early spread of virus within the neuraxis after experi- 
mental intraneural inoculation follows rather narrowly a unilateral, 
decussating pathway. After unilateral intracerebral inoculation the 
early cerebral lesions are more marked ipsilaterally (Fairbrother and 
Hurst *), and the lesions in the spinal cord are more severe contralater- 
ally (Pette and his associates *). 

In the present study an endeavor was made to establish the nature 
and pattern of distribution of the histopathologic process in fully 
developed experimental poliomyelitis following intracerebral inoculation 
with a particular strain of virus and to study the evolution of the histo- 
pathologic changes in the nervous system of monkeys in the asympto- 
matic and symptomatic stages of poliomyelitis preceding the appearance 
of paralysis. The viscera of the poliomyelitic monkeys were subjected 


to systematic histologic study. 


MATERIALS AND METHODS 


The total experimental material consisted of seventeen immature monkeys, 
species Macacus rhesus (Macaca mulatta), twelve of which were studied systemati- 
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cally. Six monkeys of the series were admissible as having adequately controlled, 
uncomplicated asymptomatic or symptomatic preparalytic poliomyelitis. 

Intracerebral inoculation was employed, for this was considered the most certain 
route of infection. The virus used was obtained from Prof. Paul Hudson of the 
University of Chicago, and consisted of a very virulent strain procured from 
Dr. C. P. Rhoads. The standard dose of virus used was 0.5 cc. of the supernatant 
fluid from a centrifugated 5 per cent emulsion in saline solution, freshly prepared, 
of pooled segments of the cords of monkeys with poliomyelitis. Rhoads * reported 
that a dose as small as 0.005 cc. of the Berkefeld filtrate of a 5 per cent emulsion 
was capable of inducing poliomyelitis when given intracerebrally. 

In all but the last three monkeys the inoculations were made by a sterile open 
operative method, to permit a certain degree of visualization of the part into which 
injection was made and to minimize cerebral trauma. Injection into the parieto- 
occipital cortex with a single needle puncture was the procedure intended. With 
aseptic precautions a button of bone from the temporal region was trephined and 
pried back, the underlying dura nicked at the upper and rostral margin of the 
opening and the injecting needle inserted through the nick for a depth of 1.5 cm. 
mediad and upward. The button was replaced; fascia and muscle were sutured 
over it, and the skin was sewed. A dressing of collodion and cotton wool was 
then applied. In the last three animals (monkeys 15, 16 and 17) injection was 
made by means of the more generally employed drill hole method of blind puncture. 
Ordinarily, two or three monkeys were inoculated one after another at the same 
session with the same batch of virus emulsion. After a varied interval, before 
paralysis appeared, one or two of the monkeys were killed, and the remaining 
monkey was allowed to live until paralysis appeared. In the meantime, careful 
clinical observations were made after inoculation, including records of rectal tem- 
peratures. The criteria for the diagnosis of preparalytic poliomyelitis as laid down 
by Harmon, Shaughnessy and Gordon® (who worked with this strain of virus) 
were followed. Spinal puncture was not performed on these animals for a number 
of reasons: Pleocytosis results from intracerebral injection per se, apart from the 
effect of the virus;® rachiocentesis disturbs hydrodynamic equilibrium, and 
Harmon, Shaughnessy and Gordon ® observed in their series that pleocytosis did 
not precede the preparalytic rise in temperature. 

The animals were killed by means of etherization and bleeding. In the last 
seven monkeys of this series (monkeys 11 to 17 inclusive) the brain was embalmed 
in situ, after the animal had become anesthetized, by means of gravity perfusion 
with saline solution and then with a solution of formaldehyde. Fixation in solution 
of formaldehyde was used for all material prepared for histologic study. Portions 
of most of the viscera were saved as a matter of routine for embedding in paraffin. 

After proper fixation had occurred, the brain was cut away from the brain 
stem and sliced coronally. Thin slices through, or bordering on, the lesion of 
inoculation were used for frozen section study, while the remaining, thicker blocks 
were embedded in pyroxylin. 
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For the spinal cord the following procedure was used as a routine: The sixth 
cervical, sixth dorsal and fourth lumbar segments were embedded in pyroxylin; 
the seventh cervical, seventh dorsal and fifth lumbar segments were used for frozen 
section study, and paraffin embedding was employed for the eighth cervical, tenth 
dorsal and sixth lumbar segments. The remaining segments were identified and 
kept available for further studies. Each series of eighteen or twenty-three 
pyroxylin sections (marked by two initial thick sections) represented tissue 500 
microns in thickness. As a matter of routine the second section of each series was 
stained for myelin, the third by Van Gieson’s method and the fourth with cresyl 
violet. In selected instances the Weil-Davenport modification of Stern’s method * 
for oligodendroglia and microglia, and the Davenport stain’ were used. The 
paraffin material was stained as a routine by means of hematoxylin and eosin. For 
the frozen sections the following methods were employed: cresyl violet stain, 
Cajal’s gold sublimate stain for astrocytes, Kanzler’s stain for microglia, 
Bielschowsky’s method for neurofibrillar structures and the sudan III method for 
fat. In addition, the special Alzheimer methods were used for frozen sections from 
spinal cord segments mordanted with Gliabeize. 


CLINICAL FEATURES OF THE EXPERIMENTAL DISEASE 
The clinical course of experimental poliomyelitis following intra- 
cerebral inoculation with the potent Rhoads virus was characteristic. 
After a variable latent interval of several days (median, five and one- 
half days), the preparalytic stage was manifested by fever, change in the 
behavior and disposition of the animal (marked usually by irritability), 
ruffling of fur and characteristic tremor. This preparalytic stage was 
of short duration (average, one and seven-tenths days) and was suc- 
ceeded by rapid development of severe paralysis of the extremities. 
The temperature declined sharply with the establishment of paralysis and 
continued to fall with the progression of paralysis to a subnormal level. 
In nine instances of paralytic poliomyelitis in which the standard dose 
of virus emulsion was used, the chronological relations of the clinical 
picture were as follows: (1) The first appearance of preparalytic signs, 
expressed in terms of the number of days elapsing after inoculation 
occurred in three, four, four, four, five and one-half, six, seven, ten 
and fourteen days, respectively; (2) the duration of the preparalytic 
stage was less than twelve hours, twelve hours, one day, one day, one 
day, two days, two days, three days and less than four days, respectively, 
and (3) the first appearance of paralysis, expressed in terms of the 
number of days elapsing after inoculation occurred in five, six, six, 
seven, seven, eight, eight, eleven and fourteen days, respectively. Of 
ten animals (including monkey 1, which received eight times the standard 
dose of virus), paralysis was at first more marked or was first observed 
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on the side opposite that of the site of inoculation in seven instances and 
on the ipsilateral side in three. The hindlimbs were more early or more 
severely affected in four instances and the forelimbs in one instance, and 
no distinction in this respect could be made out in the remaining five 
animals. 


HISTOPATHOLOGIC OBSERVATIONS ON MONKEYS WITH 
PARALYTIC POLIOMYELITIS 
The pattern of distribution of paralytic poliomyelitis after intra- 
cerebral inoculation with the Rhoads virus is exemplified by that 
observed in monkey 7. 


Monkey 7.—Paralysis six days after inoculation: quadriplegia, with preserva- 
tion of the movements of the neck and tail and no disernible involvement of 
the cranial musculature; maximal histopathologic development of the poliomyelitic 
process in the spinal cord; very mild, almost no, involvement of the most rostral 
and caudal portions of the cerebral cortex, with selective predilection for the 
motor cortex and basal ganglia, brain stem and cord, in order of increasing 
severity; in the cerebellar cortex only leptomeningitis, with sporadic superficial, 
small tissue foci related to the meningeal process. 

A study of serially cut sections from blocks of the brain embedded in pyroxylin 
revealed the distribution of histopathologic lesions indicated in the diagrams in 
figure 1. The essential histopathologic changes in the most typical single section 
(usually a section stained with cresyl violet) corresponding to a given level shown 
in the diagram are indicated by dots and marks, the size of which are roughly 
proportional to the intensity of the process. The site of inoculation was represented 
by a moderate-sized softening in the left parieto-occipital region, which was 
maximal in the region of the white matter of the angular gyrus. The lesion was 
an organizing hemorrhagic softening, not unlike the bland hemorrhagic cerebral 
softenings provoked by the traumatizing introduction of sterile instruments. 

In the cerebral cortex the changes were largely confined to the motor cortex 
(Brodmann’s area 4). These were observed chiefly in the third and fifth layers 
and consisted of mild perivascular round cell infiltrations, with small foci of tissue 
infiltration, satellitosis of some of the pyramidal cells of the third layer and, occa- 
sionally, neuronophagia involving a Betz cell. 

Leptomeningitis was everywhere relatively mild, was most marked at the sulci 
and was essentially patchy and discontinuous. 

Perivascular infiltrations were observed in the deeper structures within the 
brain and were not limited to the gray matter. However, the sites of predilection 
for the poliomyelitic process within the deeper structures of the cerebrum included 
the subthalamus and thalamus (especially the lateral thalamic nucleus) and, to 
a lesser degree, the putamen and pallidum. The subthalamic region (including the 
subthalamic nucleus, the zona incerta and fields of Forel, and the substantia nigra) 
was the site of the most intense changes observed in the coronal cerebral half- 
sections. The substantia nigra and the subthalamic nucleus showed heavy peri- 
vascular infiltrations—ten rows of cells in depth in some instances. Numerous 
small and moderate-sized tissue foci were encountered in these nuclear regions, 
composed of infiltrating cells with irregularly rod-shaped, ovoid or round nuclei, 
probably cells mainly of gliogenic origin. Polymorphonuclear leukocytes were 
practically absent. The cells in the perivascular cuffs were almost entirely of the 
lymphocytic series. Fairly normal ganglion cells could frequently be made out in 


Fig. 1—Diagrams of coronal sections from various levels of the brain of 


monkey 7, with paralytic poliomyelitis of two days’ duration. Within the brain 
tissue, in this diagram and in the diagrams shown in figures 4 and 8, each small 
cross represents the site of one or more tissue foci, and the dots indicate peri- 
vascular infiltrations. Overlying the brain tissue a solid line represents lepto- 
meningitis, and a line of tiny circles, subarachnoid hemorrhage. The numerical 
designations (as A. F. 30) indicate coronal sections at levels corresponding to 
those in Clarke & Henderson’s Atlas. The spinal cord in this animal showed 
widespread and severe poliomyelitic changes. 
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the midst of heavy parenchymal infiltration. However, now and then, especially 
in the substantia nigra, a cell showed severe degenerative change or even neurono- 
phagia. These changes in the subthalamus were bilaterally situated, being slightly 
more marked on the side of inoculation. The contralateral thalamus showed as 
much change as did the ipsilateral structure. The red nucleus within the cerebral 
half-sections showed perivascular infiltration and occasional tissue foci. Certain 
deeply situated structures within the brain were essentially free from pathologic 
changes. These included the cornu ammonis, the external geniculate body, the 
mamillary body, the caudate nucleus and the claustrum. 

In the brain stem a relatively scattered distribution of lesions was noted, 
without special predilection for motor, as opposed to sensory, nuclei of the cranial 
nerves. In the mibrain these changes were most marked in the substantia nigra, 
red nucleus and reticular formation of the tegmentum. The pons was haphazardly 
involved with scattered lesions, but at the level of the pontomedullary junction, 
Deiters’ nucleus, the nuclei pontis and the dentate nucleus of the cerebellum 
presented the greatest changes. In the medulla the structures underlying the lat- 
eral angle of the floor of the fourth ventricle and those situated along the course 
of radially disposed vessels leaving or entering the lateral surface of the 
medulla dorsal to the olive were the most severely implicated. The leptomeningeal 
reaction was more marked in the medulla at the level of the middle portion of 
the olive than elsewhere in the brain stem or over the brain. The meninges of the 
cerebellar vermis showed patchy cellular infiltration, with occasional sporadic foci 
in the underlying molecular layer of the cortex. The cerebellar cortex was free 
from abnormality except for these small foci, which appeared to be related to the 
overlying leptomingitis. 

The essential site of predilection for the poliomyelitic process was the spinal 
cord, especially the anterior gray and, to a lesser extent, the posterior gray column. 
The cervical and lumbar enlargements were the most severely involved, the 
lumbar enlargement showing a more extensive and presumably older process. The 
coccygeal segments and the conus medullaris were practically free from inflam- 
matory changes. Meningitis was relatively mild, in contradistinction to the severe 
inflammatory reaction within the nerve substance. The meningitis consisted of 
round cell infiltration, chiefly perivascular, of the leptomininges, most constantly 
observed at the base of the ventral median fissure and much more pronounced over 
the lumbar enlargement than in the cervical or dosal segments. 

The cellular damage in the cord was usually irreparable, severe disease of the 
ganglion cells, leading to liquefaction necrosis of the cell and neuronophagia or 
coffin formation. The long columns in the white matter of the cord showed radially 
disposed perivascular cuffings, but no tissue foci, demyelinization or gross changes 
in the axis-cylinders. 

The spinal posterior nerve root ganglia, especially in the lumbar regions, 
showed lymphocytic infiltrations. The olfactory bulb presented no histopathologic 
lesions. Mild inflammatory cellular infiltration was noted in a few ganglia of the 
thoracic portion of the sympathetic chain. 

Histologic examination of the viscera revealed nothing abnormal except the 
following changes: mild acute parenchymatous degeneration (cloudy swelling) of 
the liver and kidneys, and generalized lymphoid hyperplasia within the intestinal 
tract. The large, hyperplastic mesenteric lymph nodes showed evidence of marked 
germinal activity. Among the organs considered to be normal were the thyroid, 
hypophysis, adrenal, submaxillary gland, lung, spleen, heart, ovary, oviduct, pan- 
creas. No inclusion bodies were seen in the cells of any of these organs. 
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A rough estimate of the relative severity of the poliomyelitic process 
in the areas of predilection in the cerebrum and mesodiencephalic transi- 
tional region was obtained as follows: the figures 1, 2 and 3, represent- 
ing the relative order of decreasing magnitude of the changes, were 
added together for each of the three chief sites of predilection in the 
five animals with paralytic poliomyelitis on which histologic study was 
made, giving the following values: 7 for the subthalamic region (most 
severely involved), 8 for the motor cortex and 15 for the thalamus. 

The brain stems of the monkeys with paralysis showed a distribution 
of lesions essentially the same as that described for monkey 7. The 
nuclei of the cranial nerves were somewhat haphazardly involved, irre- 
spective of their motor or sensory function. In the midbrain and pons, 
aside from the substantia nigra and the red nucleus, the reticular forma- 
tion of the tegmentum was most affected. At the pontomedullary junc- 
tion Deiters’ nucleus was regularly involved. In the medulla sites of 
predilection were (1) the lateral reticular formation, (2) the nuclei 
within the restiform body and (3) the area just underlying the floor 
of the fourth ventricle. The general rule was borne out that perivascular 
infiltration (including that of the intra-adventitial and extra-adventitial 
spaces) occurred with greater frequency and intensity than did the 
diffuse and focal parenchymal infiltrations; these in turn were more 
marked than was neuronophagia or severe damage to the nerve cells. 

The spinal cords of six monkeys with paralysis were studied. In five 
instances the paralysis was more marked on the side contralateral to 
the intracerebral inoculation at the time when the animal was killed, 
and in one, on the ipsilateral side. In correspondence with the clinical 
picture, in five instances the histopathologic changes were more severe 
in the half of the cord corresponding to the side of greater paralysis. 
Thus monkey 8, which exhibited complete paralysis of three extremities 
and marked paresis of the remaining left upper extremity, showed 
definitely more severe histopathologic change on the right side in the 
cervical segments but no significant difference in the severity of the dis- 
ease picture on the two sides in the lumbar and sacral segments. 
Cells morphologically identical with polymorphonuclear leukocytes were 
prominently encountered within the intraparenchymal foci, the neuro- 
nophagic processes and even in the perivascular infiltrations in three 
instances (after a few hours, eight hours and one day, respectively) 
and were absent in three instances (after one day, two days and six 
days, respectively ). 

In all the animals of this series in which paralysis appeared there 
was prominent development of the mesenteric and intestinal lymphoid 
apparatus. Of the six animals studied, four showed slight cloudy 
swelling of the liver or kidneys, and two revealed infestation with a 
parasite (Ascaris), manifested by subpleural granulomatous lesions 
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resembling millet seeds. Monkey 15 presented histologic evidence of 
diffuse colitis, this being correlated with the existence during life of 
diarrhea, which antedated inoculation with the virus. An uninoculated 
monkey, which was not included in this series, accidentally succumbed 
to the effects of the ether anesthetic. The viscera in this control monkey 
revealed the same apparent hyperplasia of the lymphoid apparatus of 
the mesentery and bowel that was noted in the paralyzed animals; in 
addition, there were severe acute parenchymatous degenerative changes 
in the liver and similar, but milder, changes in the kidneys. In other 
respects, the internal organs of these monkeys were grossly and micro- 
scopically normal. Infiltrations were not observed in the particular 
segments of the median and sciatic nerves that were studied histo- 
logically. 


HISTOPATHOLOGIC OBSERVATIONS ON INOCULATED MONKEYS KILLED 
BEFORE THE APPEARANCE OF PARALYSIS 


Monkey 9.—Killed three days after inoculation; no histopathologic changes 
beyond the inoculation wound. 

In monkey 5, used as a control, paralysis developed seven days after inoculation. 
There was nothing essentially abnormal in the behavior of the animal after it had 
recovered from the effects of the anesthesia and the operation incidental to inocula- 
tion. The monkey remained afebrile. The site of injection was represented by a 
hemorrhagic softening in the region of the posterior central gyrus. Apart from 
a few mild, juxtalesional perivascular infiltrations and a slight overlying lepto- 
meningeal reaction, the central nervous system appeared histologically normal. 

Monkey 10.—Killed six days after inoculation; no symptoms; perivascular 
infiltration in the ipsilateral subthalamus and thalamus plus a widespread, low 
grade meningeal reaction over all the lobes of the brain. 

This animal was inoculated practically simultaneously with monkey 11 (to be 
described later) and with inoculum from the same batch of virus emulsion. Six 
days later, after an asymptomatic and afebrile postoperative course, the monkey 
was killed. The injection had been made into the junctional line of the gray and 
white matter underlying the depths of the central sulcus on the right side. The 
resultant hemorrhagic softening was relatively small and cleancut and extended 
into the cortical motor area. There was a tendency for the meninges to form 
small rudimentary whorls, and everywhere the leptomeninges were rather thick. 
Distinct but low grade perivascular round cell infiltration within the leptomeninges 
was discontinuously encountered at various spots over all the lobes of the brain 
and even on the basilar surface of the medulla. In the blocks of tissue taken 
through the inoculation wound, which were embedded in pyroxylin, one or more 
small perivascular infiltrations in the zona incerta could be observed in almost 
every section. Less commonly, the subthalamic nucleus, the substantia nigra and 
the nucleus arcuatus thalami showed such lesions. In a few sections small tissue 
foci were noted in the region of the zona incerta and fields of Forel. Such minute 
foci were rather diffuse and consisted of rod-shaped cells and round cells (probably 
all gliogenic), without any polymorphonuclear or polynuclear cells. The remaining 
parts of the brain, brain stem and cerebellum were free from lesions within their 
substance. 
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The spinal cord was somewhat hyperemic, and occasionally tiny petechial hemor- 
rhages, which apparently had occurred by diapedesis, were observed in the cervical 
and lumbosacral enlargements ; otherwise the cord appeared normal. The internal 
organs showed no significant abnormalities except prominence of the lymphoid 
structures. 

Monkey 12.—Killed two days after inoculation; sporadic perivascular infiltra- 
tions, principally in both thalami, with a tissue focus in the contralateral thalamus 
only. 

Forty-eight hours after inoculation monkey 12 was killed. The brain was 
perfused with solutions of sodium chloride and formaldehyde. Monkey 13, in the 
preparalytic stage, and monkey 14 served as controls. 

The small hemorrhagic tract marking the course of the inoculating needle 
traversed the motor cortex, the underlying white matter and the marginal gyrus 
at the level designated in the atlas of Clarke and Henderson ® as A. F.]X. There 
was remarkably little reaction about the softening in an extremely narrow zone of 
partial necrosis, in which the macroglia cells showed regressive changes and the 
microglia cells were swollen and proliferating (without having reached the stage 
of gitter cells). Meningitis was discontinuously encountered, farther rostrally 
than caudally and more marked ipsilaterally; it consisted of perivascular accumu- 
lations (usually at one side of a delicate vein) in the leptomeninges. The lesions 
in the brain consisted of sporadic perivascular infiltrations, of from slight to 
moderate grade, with the following localization: anterior part of both internal 
capsules; the thalamus, more marked contralaterally; the contralateral globus 
pallidus, and the ipsilateral external geniculate body. The only tissue focus 
encountered was at the site of most pronounced perivascular infiltration in the 
contralateral lateral thalamic nucleus (fig. 2). It consisted of a microglial Glia- 
rasen (fig. 3). The brain stem was normal everywhere except for a small 
eccentric infiltration about a superficial vein near the ventral median sulcus of the 
medulla at the level of the middle portion of the olive. The spinal cord was 
histologically normal, with beautiful details of Nissl structure in the ganglion 
cells. The posterior root ganglia were normal. The organs were essentially 
normal except for the following changes: remarkably prominent follicles in the 
spleen; abundant development of lymphoid tissue in the colon and large mesenteric 
lymph glands; hyperemic but otherwise normal kidneys, and a formation enclosing 
a parasitic worm in one lung, which resembled a millet seed. 

Monkey 16.—Killed four days after inoculation; no symptoms; sporadic peri- 
vascular infiltrations in the brain and rostral portion of the brain stem; marked 
acute poliomyelitic changes in the medulla at the level of the middle portion of the 
olive; no involvement of the spinal cord. 

Monkey 16 was killed ninety-seven and one-half hours after inoculation, having 
remained clinically asymptomatic in the intervening period. In the animals used 
as controls, monkeys 15 and 17, paralytic poliomyelitis developed. Perfusion of 
the brain with solutions of sodium chloride and formaldehyde was practiced. 
Inoculation was made deep into the right parieto-occipital region, into the white 
matter of the angular gyrus, extending just to the ependymal roof of the posterior 
horn of the lateral ventricle. The reaction in and about this organizing area of 
softening was that of bland, predominantly anemic encephalomalacia. The inocu- 


9. Clarke, R. H., and Henderson, E. E.: Investigation of the Central Nervous 
System: IT. Atlas of Photographs of the Frontal Sections of the Cranium and 
Brain of the Rhesus Monkey (Macacus Rhesus), Special Volume, Johns Hopkins 
Hospital Rep., Baltimore, Johns Hopkins Press, 1920. 
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lating needle may have penetrated into the choroid plexus in the underlying 
ventricle, for perivascular infiltration throughout a wide extent of the choroid 
plexus of both lateral ventricles was noted. 

Except for a minute glial focus in one of the occipital sections, none of the 
cerebral half-sections showed any tissue foci. Mild perivascular round cel] 
infiltrations were the only lesions observed; they occurred in such places as the 
rostral part of the hypothalamus, the contralateral thalamus, putamen and motor 
area, the ipsilateral thalamus and the occipital cortex. It must be emphasized, 
however, that in each instance such perivascular infiltration was exceptional, 
perhaps observed only once in any one region in all the slides examined from a 
given block. 


Fig. 2 


(monkey 12).—Photomicrograph (> 192; cresyl violet stain) of a 


section through the lateral thalamic nucleus, showing perivascular infiltration, 
with an adjoining minute tissue focus. The focus is essentially glial (Gliarasen). 
This section should be compared with that shown in figure 3. 


In the brain stem the involvement, curiously, increased progressively as the 
level of the middle portion of the olive was approached. In the superior colliculus 
an occasional minute perivascular infiltration might be observed in the tegmental 
reticular formation, but the substantia nigra and the red nucleus were free from 
lesions (as was the brain). In the caudal part of the inferior colliculus and the 
rostral part of the pons an occasional tissue focus appeared. However, through- 
out the pons and the rostral portion of the medulla the perivascular infiltrations 
were infrequent, of from mild to moderate grade, haphazard in localization and 
associated with even rarer small tissue foci. At the middle portion of the olive, 
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however, the pathologic processes reached their most marked development. The 
radially coursing vessels just dorsolateral to the olive on the right side were 
densely infiltrated with round cells and polymorphonuclear leukocytes (the latter 
being in the minority). Near the lateral surface of the medulla, just above the 
olive, were a number of good-sized foci, consisting of a mixture of (1) numerous, 
typical Stabchengellen (about 60 per cent), (2) normal and fragmenting poly- 
morphonuclear cells, identical with similar-appearing cells (leukocytes) in the 
early perivascular exudates (about 30 per cent) and (3) glial polyblasts and other 
cells (about 10 per cent). At the pyramidal decussation no abnormalities were 
noted. Below the medulla the process stopped. The spinal cord and its associated 
posterior root ganglia were histologically normal. 


Fig. 3 (monkey 12).—Photomicrograph of a serial section immediately suc- 


ceeding that shown in figure 2, revealing the microglial nature of the minute tissue 
focus shown in figure 2. Weil and Davenport’s modification of Stern’s method; 


«320: 


The mesenteric lymph nodes were large and showed numerous active germinal 
centers on microscopic examination. The terminal portion of the ileum showed 
hyperplastic lymph follicles and considerable interstitial cellular infiltrate (con- 
taining numerous leukocytes) in the mucosa (enteritis?). The thyroid revealed 
infiltrating leukocytes and desquamated epithelial cells within the alveoli, which 
were poor in colloid, a picture in mild degree similar to that in the thyroid 
of monkey 11. The splenic follicles were extremely prominent. The remaining 
organs were histologically essentially normal. 
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Monkey 11.—Killed two days after inoculation; no symptoms (?); widely 
disseminated, somewhat discontinuous, very early poliomyelitic changes throughout 
the whole neuraxis; lewkocytic infiltration of the thyroid gland and pronounced 
fatty changes in the liver. 

Monkey 11 was the inoculation fellow of monkey 10 and recovered as rapidly 
as the latter animal from the immediate effects of the operation and anesthesia. 
The third monkey in this group, which was to serve as the paralytic control, 
accidentally succumbed to the anesthetic. On the subsequent day edema of the 
right supra-orbital area had developed. Daily temperature readings were: May 7, 
the day of operation, 101.2 F.; May 8, 103.7 F., and May 9, 103.3 F., at 6:30 
p. m., forty-nine and one-half hours after inoculation and just before the animal 
was killed. No weakness was noted, and none of the ordinary signs or symptoms 
of preparalytic poliomyelitis appeared. 

At autopsy from a slight to a moderate degree of subarachnoid hemorrhage 
was observed over the brain, chiefly over the convexity of the inoculated hemi- 
sphere (all the lobes). 

Microscopic examination revealed unexpected changes (fig. 4). Subarachnoid 
hemorrhage was a pronounced feature over the right hemisphere, most marked in 
and around the sylvian fissure. The softening marking the site of the inoculation 
was in the white matter of the right hemisphere underlying the anterior central and 
marginal gyri. The outstanding intraparenchymal histopathologic change within 
the brain was a prominent round cell infiltration in the lenticular nucleus, especially 
in the putamen, most marked rostrally at the level of the anterior commissure 
(fig. 5). In places this was more than ten rows of cells in depth. No tissue foci 
accompanied these perivascular infiltrations. The lenticular nucleus of both sides was 
affected, but the infiltration was more severe on the ipsilateral (inoculated) side. 
Occasional perivascular infiltrations of mild degree were observed in the ipsilateral 
thalamus and in the anterior perforated substance of each side. The substantia nigra 
was bilaterally the site of perivascular infiltrations, which became heavier as the caudal 
part of the nucleus was reached. The only tissue foci discoverable in the cerebral 
half-sections were observed in the ipsilateral substantia nigra, and these had the 
appearance of small glial proliferations. No neuronophagia was encountered. 
The motor area and the cerebral cortex as a whole were free from any abnormal- 
ities except in the inoculation wound, the overlying subarachnoid hemorrhagic 
extravasation and infrequent leptomeningeal perivascular infiltrations. 

Within the brain stem the changes were surprisingly mild and sporadic. The 
midbrain was more affected than the pons, the pons more than the medulla. The 
substantia nigra showed bilateral perivascular infiltrations and ipsilateral minute 
tissue foci, without neuronophagia. Occasional mild perivascular infiltrations 
were noted bilaterally in the reticular formation of the midbrain and in the red 
nucleus. In a succession of several stained sections of material embedded in 
pyroxylin from the region of the pons with the attached cerebellum, it was common 
for no pathologic changes to be revealed. Slight perivascular infiltration and 
even minute (glial?) foci were noted in such haphazard locations as the nuclei 
pontis, the roof nucleus of the cerebellum on one side and the right accessory facial 
nucleus. Except for a slight infiltration about a vein in the reticular formation just 
medial to Deiters’ nucleus in the rostral portion of the medulla, no histopathologic 
abnormalities were encountered in the medulla (down to and including the 
pyramidal decussation). 

The spinal cord showed evidences of an early poliomyelitic process in the 
cervical and lumbar enlargements. Unfortunately, through an accident in technic, 
the only portions available for study were the first, fourth, sixth and seventh 
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Fig. 4—Diagrams of sections from various levels of the brain of monkey 11, 
which showed no symptoms of poliomyelitis at the time it was killed, forty-nine 


and one-half hours after inoculation. The lumbar and cervical segments of the 
cord showed very early, mild poliomyelitis. 
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cervical segments; the seventh, eighth, ninth and tenth dorsal segments, and the 
first, third, fourth, fifth and sixth lumbar segments and the lower portion of 
the sacral and the coccygeal regions of the cord, with the cauda equina. Never- 
theless, this material represents a sufficient cross-section of the cord on which 
to base conclusions concerning the distribution of the process. The pathologic 
changes in the cord in several instances were limited to a fraction of one seg- 
ment, so that a small series through a given segment appeared normal and suddenly 
very early lesions were noted in the next section. : 


Fig. 5 (monkey 11, right side).—Photomicrograph showing perivascular infil- 
tration within the putamen. Van Gieson’s stain; 120. 


Isolated, mild perivascular infiltrations, without other changes, were observed 
in the seventh cervical, fifth lumbar and lower sacral segments. The thoracic seg- 
ments studied were histopathologically normal. Frozen sections from the seventh 
cervical and tenth dorsal segments were normal with respect to microglial, neuro- 
fibrillar and astrocytic structures. 

More pronounced changes were observed in the remaining segments—the fourth 
and sixth cervical and the third, fourth and sixth lumbar segments. <A _ typical 
section through the fourth cervical segment was photographed (fig. 6), revealing 
a moderate perivascular round cell infiltration of a vein from the left anterior horn 
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which emptied into the vein of the medium fissure. There was an increase in 
glial nuclei in the form of several small, diffuse foci about ganglion cells in the 
posterolateral part of the left anterior horn. No actual neuronophagia was 
observed in this section; careful study showed no evidence of leptomeningitis or 
pachymeningitis, despite the appearance of the section with low power magnifica- 
tion. The cells in the perivascular infiltrate were essentially of the round cell 
type and did not include polymorphonuclear forms comparable to neutrophilic 
leukocytes. 

The fourth lumbar segment showed the most marked changes in any level 
of the cord studied: (1) marked perivascular round cell infiltration in the left 
anterior horn, (2) scattered small tissue foci in this area, (3) severe diseases of 
the ganglion cells and even sporadic neuronophagia in the vicinity of these foci, 


Fig. 6 (monkey 11).—Photomicrograph (x 15.5; cresyl violet stain) of the 
fourth cervical segment, showing very early poliomyelitic changes, which are 
described in the text. Meningitis was practically absent in this section. The 
animal showed no symptoms of poliomyelitis and was killed forty-nine and one- 
half hours after inoculation. 


(4) a fair-sized, compact focus in the base of the posterior horn on the opposite 
side and (5) mild round cell infiltration of the adventitial space in the inner 
portion of the wall of the central vein on the surface of the cord near the beginning 
of the ventral median fissure. The cells in the interstitial exudate and in the few 
areas of neuronophagia resembled in the main microglial polyblasts and, to a 
less extent (in the phenomena of satellitosis and neuronophagia), oligodendroglia 
cells. In support of the view that the cells in the tissue foci were of microglial 
origin, sections of the sixth lumbar segment stained with the Kanzler method 
showed hyperplasia and progressive changes in the microglia and occasionally 
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coffin formation of microglia about a ganglion cell (fig. 7). Stains for astrocytes 
revealed no abnormalities in these elements in the segments of cord studied. Sec- 
tions stained with the Bielschowsky method showed preservation of neurofibrillar 
structures. 

The internal organs of monkey 11 when studied histologically showed essen- 
tially normal structure except for (1) the usual hyperplasia of the intestinal and 
mesenteric lymphatic apparatus, (2) marked fatty changes in the liver and fatty 
infiltration or degeneration at the periphery of the lobules and (3) a peculiar 
change in the thyroid gland. Leukocytes were observed in considerable numbers 


Fig. 7 (monkey 11).—Photomicrograph of an area from the anterior horn 
the sixth lumbar segment, showing hyperplasia of microglia about a diseased 
ganglion cell. Kanzler’s stain; x 940. 


infiltrating the interstitial tissue between the alveoli and within the intra-alevolar 
accumulations of colloid substance. In addition to the polymorphonuclear leuko- 
cytes, there were large cells with abundant foamy cytoplasm within the colloid, 
as though diseased cells lining the alveoli had desquamated into the alveolar spaces. 

Monkey 13.—Severe preparalytic symptoms of twenty-four hours’ duration, 
but no paralysis when the animal was killed, five days after inoculation; extensive 
and well marked poliomyelitic changes observed throughout the brain and brain 
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stem to the pyramidal decussation, more marked ipsilaterally; no involvement of 
the spinal cord. 

Monkey 13 falls into a classification apart from the series of asymptomatic 
monkeys already described in that it showed definite preparalytic symptoms of at 
least one day’s duration when it was killed. Four days after inoculation it 
became irritable, and there developed well marked fever (105.6F.). On the 
next day the monkey appeared very sick and apathetic and showed a tremulous 
facies. Before it was killed, five days after inoculation, the temperature had 
reached a relatively hyperpyrexial stage (107.7 F., rectal). Such hyperpyrexia 
is unusual in experimental poliomyelitis. Monkey 14 served as the control for 
monkey 13 but poliomyelitis developed after a lapse of more than two weeks. 

The distribution of the lesions within the brain may be seen from the diagrams 
shown in figure 8. The softening at the site of inoculation was relatively large, 
chiefly in the region of the posterior central and angular gyri but extending also 
deeper into the white matter of the hemisphere. It was hemorrhagic in type. In 
the sections stained by Kanzler’s method, swelling, hyperplasia and progressive 
change toward the formation of gitter cells were observed in the margins of 
the wound. Astrocytes in such marginal areas presented swelling of cell bodies, 
with shortening, thickening and increased waviness of the processes. 

The pathologic processes were relatively abundant and prominently developed 
within the brain. The parts involved (showing perivascular infiltration or tissue 
foci or both) in the order of diminishing severity were: the ipsilateral subthalamus, 
especially the substantia nigra and the region of the zona incerta, the ipsilateral 
thalamus (especially the lateral nucleus), the contralateral subthalamus, the 
rostral portion of the ipsilateral hypothalamus (near the tuber cinereum), the 
contralateral thalamus, both red nuclei, the ipsilateral motor area of the cortex 
(especially the rostral third), both lentiform nuclei, the rostral portion of the 
contralateral hypothalamus, the ipsilateral medial geniculate body, the ipsilateral 
marginal gyrus and the contralateral motor area. The ipsilateral substantia 
nigra and zona incerta showed the most marked lesions: perivascular infiltra- 
tions, with diffuse and compact tissue foci, and even sporadic neuronophagia. 
The lesions in the motor area were essentially limited to perivascular infiltrations 
of from a mild to a moderate grade in the second to the fifth layer. Beyond the 
red nucleus in the series of sites arranged in the order of their diminishing 
severity of involvement, only perivascular infiltrations (without tissue foci) 
occurred. 

In the hypothalamus the foci had the appearance of glial structures. Within 
the subthalamus and its environment, however, polymorphonuclear cells identical 
with polymorphonuclear leukocytes were conspicuously present, forming at least 
2 per cent of the cells in the perivascular exudate and a larger part of the 
interstitial exudate (up to 40 per cent in certain areas). The other dominating 
cell type was the glial Stdbchenzelle, frequently seen in the process of amitotic 
division and exhibiting a tendency toward evolution into the polymorphic glial 
polyblast. 

The meningeal reaction was essentially patchy and discontinuous, more marked 
ipsilaterally, and was somewhat in relation to the underlying sites of maximal 
pathologic change, such as the areas over the inoculation wound and at the base 
in sections through the right subthalamus. 

The brain stem was involved down to the level of the pyramidal decussation, 
with the severity of the changes roughly diminishing from above downward 
({rostrocaudal). The midbrain and the rostral part of the pons contained many 
scattered perivascular infiltrations and small tissue foci, most marked in the 


Fig. 8—Diagrams of coronal sections from various levels of the brain of 
monkey 13, with the preparalytic stage of poliomyelitis. The spinal cord was 
histologically normal. 
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substantia nigra of both sides and then in the lateral reticular formation of the 
tegmentum, in relation to radially disposed blood vessels in this region. 

In the lower part of the pons tissue foci were less commonly encountered, and 
these were usually in the lateral reticular formation of the tegmentum, without 
consistent relation to any particular groups of nuclei. Deiters’ nucleus, the facial 
nucleus, the nuclei pontis and the sensory fifth nucleus showed sporadic tiny 
foci, involving only small fractional portions of these structures. Perivascular 
infiltrations were of somewhat wider extent. The gasserian ganglion was his- 
tologically normal. The involvement was greater on the right side of the pons 


Fig. 9 (monkey 13).—Photomicrograph ( 220; cresyl violet stain) showing 
perivascular infiltration about a vein and tissue foci in the neighborhood of the 
nucleus of the spinal tract of the trigeminal nerve in a section from the medulla 
at the level of the midportion of the olive. The fairly well preserved ganglion 
cells and the Stabchenzsellen in the diffuse and compact tissue exudates are 
evident. A higher magnification revealed the presence of a considerable number 
of polymorphonuclear cells in the infiltrate, in addition to Stabchenzellen and 
polyblasts. 


than on the left. In the medulla tissue foci were encountered practically only 
in the lateral reticular formation of both sides and in the region of the right 
restiform body. A photograph of a tissue focus in the lateral reticular formation 
of the medulla appears in figure 9. Correlated with the presence of generous 
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numbers of polymorphonuclear cells in the tissue exudates was the observation 
of considerable numbers of the same cells in the perivascular exudates. The 
ganglion cells in the medulla were, on the whole, in an excellent state of 
preservation, and only occasional ganglion cells in the path of the sporadic foci 
showed severe disease and neuronophagia. Meningitis over the brain stem was 
practically absent in monkey 13. The cerebellar cortex was normal, although 
the roof and dentate nuclei showed perivascular infiltrations. The closed portion 
of the medulla showed only sporadic small perivascular infiltrations. 

The spinal cord was normal histologically. This statement is based on studies 
made at numerous levels of material embedded in pyroxylin and paraffin and of 
frozen sections. The Davenport stain revealed no abnormalities in the axis- 
cylinders of the cord. The posterior root and thoracic sympathetic ganglia were 
normal. 

Examination of the organs revealed the following changes: <A tiny consolida- 
tion in the base of the right lung was of bronchopneumonic nature. Another sec- 
tion through a subpleural body, the size of a millet seed, showed a granuloma about 
an Ascaris. The liver and kidneys presented what was interpreted to be mild 
cloudy swelling. The lumen of the colon contained a fibrinopurulent exudate, and 
its mucosa was infiltrated with eosinophilic and other leukocytes and with round 
cells. The remaining organs were normal. 


COMMENT 

Fully developed paralytic poliomyelitis following intracerebral inocu- 
lation into the parieto-occipital region presents a typical pattern of 
distribution of histopathologic changes within the neuraxis. These 
observations coincide to a fair degree with those of Hurst '® and are 
almost identical with those reported by Pette and his associates.* The 
last-named investigators stated that the structure and distribution of 
the histologic process in the fully developed stage of poliomyelitis are 
independent of the mode of inoculation, except in the case of the hema- 
togenous route of infection. They observed, however, that the inflam- 
matory process within the mesodiencephalic transition zone was most 
marked in the zona incerta, in contrast to that in the substantia nigra. 

The distribution of the pathologic process in human poliomyelitis 
has been studied recently by Kornyey,'! who observed that the inflam- 
matory process in human and that in experimental poliomyelitis are in 
thorough agreement with respect to the topographic relations and cyto- 
logico-morphologic characteristics. Spielmeyer’s studies ** also indicated 


13 


this close relationship. Marinesco and his associates '* emphasized the 


10. Hurst, E. Weston: The Histology of Experimental Poliomyelitis, J. Path. 
& Bact. 32:457, 1929. 

11. Kérnyey, St.: Zur Histopathologie der menschlichen Poliomyelitis, 
Deutsche Ztschr. f. Nervenh. 130:74, 1933. 

12. Spielmeyer, W.: Zur Histopathologie und Pathogenese der Poliomyelitis, 
Ztschr. f. d. ges. Neurol. u. Psychiat. 142:159, 1932. 

13. Marinesco, G.;: Manicatide, M., and State-Draganesco: Etude clinico- 
thérapeutique et anatomo-pathologique sur l’épidémie de paralysie infantile qui a 
sévi en Roumanie pendant l’année 1927, Ann. Inst. Pasteur 48:223, 1929. 
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relatively severe involvement of the substantia nigra in cases of human 
poliomyelitis occurring during the Roumanian epidemic in 1927. How- 
ever, Landon and Smith,’* from studies on human poliomyelitis in the 
1931 epidemic in New York City, observed that the cerebral cortex and 
the cerebellum are only exceptionally involved and that meningitis may 
be pronounced in man. Furthermore, these investigators were impressed 
by pathologic changes in the reticulo-endothelial system generally, which 
they interpreted as evidence of a circulating toxin. Marked hyperplasia 
of the intestinal lymphoid structures and splenic follicles was regularly 
encountered in their cases, with changes of a toxic nature in the liver. 
Landon and Smith remarked that the pathways of distribution of virus 
do not seem to be so simple in cases of infection in man as they are 
after experimental inoculation of animals. As factors to be considered 
in human poliomyelitis they mention entry of the virus through the 
gastro-intestinal tract and distribution of the virus by means of the blood 
stream. 

The meningeal inflammatory reactions observed in this experimental 
series were relatively mild as compared with the underlying intraparen- 
chymal changes, were essentially patchy and discontinuous and were 
often topographically dissociated from other forms of poliomyelitic 
lesions. 

The intraparenchymal changes consisted of perivascular infiltrations, 
diffuse and compact cellular exudates and varying degrees of injury to 
the nerve cells, essentially as described by Hurst.'® The perivascular 
infiltration was the first lesion to appear in the evolution of the histo- 
pathologic picture and was present over a wider extent of the neuraxis 
than either infiltration of tissues or manifest disease of the ganglion 
cells. Although the predominant cell in these perivascular infiltrations 
was the lymphocyte, plasma cells might appear after several days (fig. 
10). Very early in the evolution of the disease considerable numbers 
of cells, which appear to be identical with evident polymorphonuclear 
leukocytes in blood contained in blood vessels in the same section, might 
be observed in the perivascular and interstitial exudates (figs. 11 and 
12). In addition to such normal forms of these cells, polynuclear and 
variously fragmented types of cells were observed and were considered 
to be degenerating forms of polymorphonuclear leukocytes. Their 
appearance was typical and well distinguished from that of the glial 
polyblast. It was unfortunate that the material available for further 
study of these cellular forms was not fresh enough for the reliable 
demonstration of oxydase ferments. However, other investigators in 
this field have demonstrated the early presence of hematogenous poly- 
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morphonuclear leukocytes. Thus, Wohrmann * showed their presence 
in human material and was impressed by the fact that the oxidase 
granules were considerably in excess of the recognizable number of 
polymorphonuclears seen in ordinary histologic preparations from the 
same area. Hurst *° made the same observation in experimental polio- 
myelitis, and this was later confirmed by Pette and his associates.” In 
the material in the present series, polymorphonuclear cells were abun- 
dantly exhibited in the spinal cord in the instances of poliomyelitis in 
which paralysis had existed for not more than twenty-four hours. In 
the brain polymorphonuclear leukocytes could be observed even after 
paralysis had existed for six days (as in the motor area and the super- 


Fig. 10 (monkey 8).—Photomicrograph of an area from the anterior horn of 
the sixth cervical segment, in a case of poliomyelitis in which paralysis had 
existed for six days, showing typical plasma cells in the perivascular exudate. 
Cresyl violet stain; & 1,520. 


ficial cerebellar foci in monkey 8). Furthermore, in an instance of early, 
asymptomatic poliomyelitic infection (monkey 12), forty-eight hours 
after inoculation, the first poliomyelitic nodules within the nerve tissues 
were of microglial origin. The polymorphonuclear leukocytes in the 
poliomyelitic processes soon undergo fragmentation and destruction, to 
be replaced by hyperplastic cells of microglial origin in the form of 
Stabchenzellen and glial polyblasts. The oligodendroglia participate in 
the inflammatory reaction, but chiefly in neuronophagic mechanisms. 


15. Wohrmann, W.: Ueber Poliomyelitis anterior acuta, Virchows Arch. f. 
path. Anat. 259:466, 1926. 
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Support is given to the assumption that the virus is propagated by 
continuity within and through the nerve substance (in contradistinction 
to dissemination via the cerebrospinal fluid, the overlying meninges or 
the blood stream) by the observation of progressive involvement, with 
varying periods of survival after inoculation, from the site of inocu- 
lation through the basal ganglia and into the brain stem, with abrupt 


Fig. 11 (monkey 17).—Photomicrograph (hematoxylin and eosin stain; * 1,000) 
of an area in the eighth cervical segment in a case of early poliomyelitis, showing 
perivascular infiltration—cellular exudate in the perivenous spaces of two (con- 
tiguous) veins. The blood had been washed out of the vessels by means of 
perfusion with a solution of sodium chloride and formaldehyde. The infiltrate 
consists of lymphocytes and polymorphonuclear leukocytes. 


stoppage of the process within the brain stem at a certain phase of the 
preparalytic stage, with or without symptoms. However, the spread of 
virus is not sharply confined to any one ipsilateral descending pathway, 
for very early the contralateral side of the brain becomes involved. 
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The tendency for the main direction of spread of virus to follow a 
decussating pathway is revealed in the clinical appearance of the earliest 
signs of weakness more often in the contralateral extremities. The 
pathologic correlate is that the histopathologic evidences of the disease 
process were more severe on the side of the cord corresponding to the 
side of greater paralysis. If the virus travels along axons, it does not 
provoke any morphologic change in these structures during its transit. 
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Fig. 12 (monkey 15).—Photomicrograph (hematoxylin and eosin; & 660) ina 
case of early paralytic poliomyelitis in which paresis had been present for four 
hours, showing a posterolateral cell group within the ventral horn of the sixth 
lumbar segment. The polymorphonuclear cells participate in the neuronophagic 
process. The ganglion cells show varying grades of degeneration: degrees of 
so-called severe disease of the ganglon cells. 


The case of monkey 11 is unusual. Although this animal had shown 
no observed clinical manifestations of poliomyelitis except an equivocal 
elevation of temperature twenty-four hours after inoculation, very early 
poliomyelitic changes were noted widely disseminated throughout the 
neuraxis forty-nine and one-half hours after inoculation. It appears 
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that this animal had been on the immediate verge of paralysis two days 
after intracerebral inoculation. The earliest appearance of weakness in 
the control series occurred in monkey 1 (in three and one-half days, 
but eight times the standard dose of virus was used as the inoculum) 
and in monkey 17 (in five days, but the inoculation had been made 
into the midbrain). Landsteiner, Levaditi and Pastia *° reported a case 
in which paralysis appeared on the third day after inoculation, and 
Hurst’ referred to the occasional onset of paralysis on the third day 
after inoculation. This accelerated development of widespread _histo- 
pathologic lesions in monkey 11 suggests that an unusual mode of 
dissemination of the virus was operative. It is difficult to conceive how 
the poliomyelitis virus could have traveled from the site of inoculation 
to the lumbar enlargement along descending axonal pathways without 
provoking histologically demonstrable changes in the gray substance of 
long portions of the medulla oblongata and the thoracic part of the cord. 
Furthermore, the reaction was marked, in the form of perivascular 
infiltration, and the interstitial infiltrate in the cord at this early hour 
of invasion lacked the leukocytic component which ordinarily charac- 
terizes an early process. With respect to the brief period of incubation, 
the unusual topographic features and the cellular make-up of the histo- 
pathologic picture, the observations in monkey 11 are similar to those 
of Pette and his co-workers ° in a monkey (monkey 35) inoculated by 
the hematogenous route. Although the regular method of dissemination 
of the virus in the experimental monkey appears to be by continuity 
within the neuraxis, it is possible for the disease to be spread, even 
after intracerebral inoculation, by the blood stream. A secondary hema- 
togenous route, perhaps superimposed on a contemporaneous, but much 
less advanced, diffusion of virus by continuity within the cerebrum, 
offers the most plausible explanation for the development of widely 
disseminated and discontinuous histopathologic lesions throughout the 
neuraxis appearing forty-nine and one-half hours after inoculation. 

In all the experimental animals, including one used as a control, 
there was prominent development of the mesenteric and intestinal lymph 
nodes. This may possibly represent a normal phenomenon, correlated 
with the immaturity of the experimental animals. Otherwise, there was 
nothing distinctive and of constant occurrence in the histologic appear- 
ance of the viscera to indicate the effects of an extraneural localization 
and multiplication of virus, but as negative evidence this may not have 
much weight. An exception to this statement must be taken particularly 
in the case of monkey 11, which showed a peculiar infiltration of the 
thyroid and marked changes in the liver. 


16. Landsteiner, K.; Levaditi, C., and Pastia, M.: Etude expérimentale de 
la poliomyélite aigué (maladie de Heine-Medin): Second mémoire, Ann. Inst. 
Pasteur 25:805, 1911. 
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Careful study of sections stained with cresyl violet, which is emi- 
nently suitable for the demonstration of ordinary bacterial forms, failed 
to reveal any forms identifiable as bacteria within the softening at the 
site of inoculation or elsewhere in the central nervous system of the 
experimental animals. This search was prompted by the studies of 
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Rosenow and his associates '* and of Eberson '* with respect to a bac- 


terial cause of poliomyelitis. 


SUMMARY AND CONCLUSIONS 


The pattern of distribution of the histopathologic lesions in fully 
developed experimental poliomyelitis was studied. 

The evolution of the histopathologic picture was studied. 

The observations support the theory that the major spread of virus 
occurs along channels within the neuraxis, in contradistinction to dis- 
semination by the cerebrospinal fluid, the overlying meninges or the 
blood stream. Exceptionally, however, the virus may become rapidly 
and widely disseminated throughout the neuraxis by means of the blood 
stream. 

Stainable forms clearly recognized as bacteria were not encountered. 

17. Rosenow, E. C.; Towne, E. B., and Wheeler, G. W.: The Etiology of 
Epidemic Poliomyelitis: Preliminary Note, J. A. M. A. 67:1202 (Oct. 21) 1916. 

18. Eberson, F.: Etiology of Poliomyelitis: Cultivation of an Organism from 
Poliomyelitic Tissue and Transmission of the Disease in Monkeys, Proc. Soc. 
Exper. Biol. & Med. 29:477, 1932; Studies on the Etiology of Poliomyelitis: 
Isolation and Cultivation of an Organism and Transmission of the Disease in 
Monkeys, Science 75:519, 1932. 


PERIVENOUS CHANGES IN ACUTE ENCEPHA- 
LITIS ASSOCIATED WITH VACCINATION, 
VARIOLA AND MEASLES 


KNOX H. FINLEY, M.D.* 


BOSTON 


The characteristic pathologic changes uniformly present in the acute 
stage of vaccinal encephalitis, first seen by Turnbull’ and described 
by Lucksch,’ encephalitis associated with variola (fig. 1 A), as 
described by Lucksch, and encephalitis following measles (fig. 1 B), 
as first described by Wohlwill,* include a pathologic reaction not 
recognized before the last decade. This focal change is the perivascular, 
extra-adventitial and progressive glial reaction and demyelinization 
which occur along the course of veins for variable distances. In the 
present study small and large veins were involved but the medium 
and large vessels presented a marked glial reaction. Study of serial 
sections stained by the Nissl method showed that the small branches 
of a vein have no or a minimal glial reaction. As one follows the 
branch through to vessels of larger caliber the microglial collar about 
the vein becomes progressively more marked and more widespread. As 
first pointed out by Wohlwill,® the glial reaction is also seen on the 
periphery of the spinal cord, immediately beneath the pia (fig. 4), and 
beneath the ependyma of the lateral and third ventricles. 

Spielmeyer,* in speaking of local vulnerability, referred to several 
disease entities which have a tendency to attack certain parts of the 
nervous system. He cited the predisposition of the pallidum to carbon 
monoxide and morphine poisoning, to certain diseases of the cere- 
bellum and to involvement in convulsive states of the cornu ammonis 
and the molecular layer of the cerebellum. He pointed out that this 
local vulnerability may be on a vascular or systemic basis. It is the 
vascular basis with which I am here concerned. The systemic factor 
plays little role because of the more general distribution of the peri- 
From the Forschungsanstalt fiir Psychiatrie, Munich, Germany. 

* Fellow of the National Research Council. 
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Fig. 1—Photomicrographs (Nissl stain; * 15) showing characteristic peri- 
venular, extra-adventitial lesions, consisting of progressive and proliferative microg- 
lial changes in the subcortical white substance in cases of (A) encephalitis 
associated with variola and (B) measles. Veins, particularly the larger ones, are 
involved. 
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venous lesions, as will be pointed out. In the encephalitis associated 
with vaccination, variola and measles, the local tissue reaction in ques- 
tion is limited to a particular unit of the vascular system, the veins. 
Putnam ® pointed out the significance of the cerebral venous system 
in encephalitis following acute infection in general and in multiple 
sclerosis. 

Of interest is the distribution of these perivenous lesions in the 
central nervous system. Several authors have pointed out the predi- 
lection of the lesions for the white substance of the hemisphere. A few 
have expressed the opinion that the etiologic agent in the forms of 
encephalitis associated with acute infections has a particular affinity 


Distribution of Lesions About the Veins in Different Parts of the Central Nervous 
System in Material Available in Eighteen Cases of Exanthematous 
Encephalitis 


Cases in 

Which 

Number Involve- 
Number of Cases’ ment 


Region of Central Nervous of in Which Appeared, 
System Examined Cases Lesions Percent- 4 
Microscopically Studied Occurred age Comment 

12 9 75 Number of lesions usually few 
Hemisphere, white matter............. 14 14 100 
4 1 25 
Caudate nucleus and putamen........ 11 10 91 Lesions usually few 
6 5 80 Lesions usually few 
3 2 66 Lesions few 
4 2 50 
Teementum Of 4 3 75 
rere 6 6 100 Involvement usually marked 
Cerebellum, molecular layer........... 5 0 0 
Cerebellum, granular layer........ ae 5 , 40 Lesions few 
Cerebellum, white matter of folium... 5 2 40 
Cerebellum, central white matter...... 5 ) 100 
8 7 87 
8 7 87 
ee 8 6 75 In one case parenchymal le- 


sions but no subpial lesions 


for myelin, thus explaining the frequency of the lesions in this situation. 
Since the perivascular lesions are limited to the veins, it would not be 
surprising to find that the distribution of the lesions is more dependent 
on the venous distribution. The fact that the lesions are frequent in 
the gray matter, particularly the basal ganglia and nuclei of the brain 
stem, does not favor the view that myelinated areas are necessarily most 
vulnerable. The accompanying table, which is based on observations in 
fourteen cases of vaccinal encephalitis, three of encephalitis following 
measles and one of encephalitis in association with variola, shows the 
frequency of distribution of lesions in different parts of the nervous 
system, including the spinal cord. Lesions might have been evident in 
sections of other regions if further sections had been made. 


5. Putnam, Tracy J.: Studies in Multiple Sclerosis: IV. “Encephalitis” 
and Sclerotic Plaques Produced by Venular Obstruction, Arch. Neurol. & Psychiat. 
33:929 (May) 1935. 
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The table shows that the lesions are not limited to the myelinated 
regions of the central nervous system. They were frequently seen in 
sections of the cortex and occurred in the majority of cases. These 
cortical lesions were usually limited to the deeper layers. In the corpus 
striatum, a region almost as free from myelin as the cortex, lesions 
were observed in 90 per cent of the cases, and in some of these 
instances they were as numerous as in the cerebral white substance, 
They were few in the globus pallidus, although they were present in 
over half the cases. In all cases lesions existed in the thalamus and 
subthalamus, and in three cases the pathologic change was even more 
marked than that in the cerebral white matter. In all cases the pons 
was heavily involved with perivenous lesions, which showed no predi- 
lections for the fiber bundles of the pons. Perivascular lesions were 
frequently confined within the borders of the pontile nuclei, as shown 
hy serial sections, and others extended into both the gray and the white 
substance when the veins were on or near the border. In the cere- 
bellum perivenous lesions were confined to the white substance, par- 
ticularly the central white substance about the dentate nucleus (fig. 2). 
Lesions were infrequent in the granular layer. In no case were they 
observed in the molecular layer. This is of particular significance in 
relation to the distribution of veins in the cerebellum. In the spinal 
cord pathologic change was as marked in the gray as in the white 
matter. Often the anterior horn was more severely involved than 
neighboring fiber tracts. These observations point to a more general 
distribution of the perivenous reaction that is generally appreciated. 

The study of the distribution of the veins in the cerebral hemi- 
spheres, brain stem and cerebellum by Pfeifer ° explains much respect- 
ing the distribution of the perivenous lesions. Pfeifer showed in his 
monograph on the architecture of the cerebral vessels that there is 
considerable variation in the length, form of branching and distribution 
of veins throughout the cerebrum. He pointed out that the greater 
part of the blood from the upper layers of the cortex drains directly 
into the pial veins by way of small, short vessels. Most of the venous 
blood from the deeper layers drains into veins of the underlying white 
substance by communicating vessels. In this respect, the slides in the 
present series showed that most of the perivenous lesions of the cortex 
could be followed into the subcortical white matter. The subcortical 
white matter and centrum ovale, although poor in capillaries, are rich 
in veins. The veins take care of the venous blood from the deeper 
layers of the cortex as well as from the white substance. Many of these 
are large, some extending from the cortex through the white substance 


6. Pfeifer, R. A.: Grundlegende Untersuchungen fiir die Angioarchitektonik 
des menschlichen Gehirns, Berlin, Julius Springer, 1930. 
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Fig. 2—Photomicrograph (Nissl stain; * 16) of the cerebellum in a case of 
vaccinal encephalitis, showing the predominance of perivenous lesions in the central 
white substance and base of the folia. No lesions are present in the molecular 
layer. 


Fig. 3.—Photomicrographs (Nissl stain; X 8) of the pons in a case of encepha- 
litis associated with variola, showing the distribution of perivenous glial lesions 
without relation to the gray or white substance. Most of the isolated lesions in 
the lateral part of the pons lie entirely within the pontile nuclei. 


| 
j 
| 4 ; 
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to the basal ganglia and subependymal regions of the base of the brain, 
It is about these large, long-coursed veins that the most striking peri- 
venous reaction in the cerebral hemisphere was observed. On the basis 
of observations on the cerebral vascular injections of Pfeifer,’ it is 
noteworthy that the corpus striatum, thalamus and subthalamus contain 
abundant venous channels, some larger than those encountered in the 
white matter. It was in these gray masses that the perivenous reaction 
was consistently noted. 

In the pons the most numerous and the largest veins are the branches 
of the paramedial vein, lying immediately lateral to the median raphe 
and passing out to the basilar vein. In the lateral part of the pons the 
veins are smaller and pass to the lateral surface of the brain stem, 
Figure 3 shows how the lesions were concentrated about the more 
medially situated venous channels, while the lateral, smaller veins were 
less involved. 

The direct relationship between the distribution of veins in the 
cerebellum and the perivenous lesions was even more marked. The 
larger vessels of the cerebellum lie in the pia and in the central white 
substance. Most of the arterial supply comes by way of the pia, while 
much of the venous flow returns through the central white substance. 
The blood supply of the molecular layer of the cerebellum is taken care 
of by radially arranged capillaries or very small vessels, most of which 
arise directly from arteries lying in the pia. The vessels (mostly veins) 
lying in the white substance of the cerebellar folia are of small caliber 
until they approach the central white matter, where they reach larger 
dimensions. In the molecular layer, where veins are infrequent, no 
lesions were observed (fig. 2). In the white substance of the folium, 
where veins are present but small, lesions were most numerous at the 
base, where the veins become larger. In the central white substance, 
where veins are most numerous and are large, lesions were observed 
around vessels in each case studied (fig. 2). 

Wohlwill,® in describing the changes in encephalitis associated with 
measles, referred to the striking relationship between the perivenous 
lesions and the venous distribution in the spinal cord. Adamkiewicz ° 
and Kadyi® described the venous distribution in the cord. From the 
anterior horns and intermediate gray substance arise veins which unite 
to form relatively large vessels near the anterior commissure, passing 
7. Personal observation on material in the Brain Anatomical Institute, Uni- 
versity of Leipzig. 

8. Adamkiewicz, Albert: Die Blutgefasse des menschlichen Rtickenmarkes, 
Sitzungsb. d. k. Akad. d. Wissensch., Math.-naturw. Cl. 84:469, 1882. 

9. Kadyi, H.: Ueber die Blutgefasse des menschlichen Rtickenmarkes, Lem- 
berg, Gubynowicz & Schmidt, 1889. 
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by way of the anterior fissure to the anterior spinal vein. Veins 
originating in the gray substance also unite to form those of the pos- 
terior fissure. From both the gray and the white substance of the cord 
arise many veins which pass radially to the pia, terminating in the pial 
venous net surrounding the spinal cord. The source of the perivenous 
glial lesions of the spinal cord in the sections studied corresponded to the 
radial arrangement of the veins (fig. 4). Lesions seen lateral to the 
central canal and extending into the anterior and posterior horns of 
the cord corresponded to the central venous supply in these sections. 

It seems clear, then, that the distribution of the perivascular lesions 
is determined in large part by the distribution of the veins of the central 


Fig. 4.—Photomicrograph (Nissl stain; * 16) of a cross-section of the spinal 
cord, showing the distribution of perivenular glial lesions. The perivenular glial 
reaction extends radially from the gray substance or deep portion of the white 
matter toward the pia. Particularly striking is the reaction in the right posterior 
horn and the posterior fissure. Marked perivenous reaction is also evident about 
the vein lateral to the central canal and corresponds with the drainage of the cen- 
tral venous system into the anterior fissure. In the left lower corner is seen 
subpial proliferation continuous with the perivenular reaction about two radial 
veins. 


nervous system. Why some veins are involved and not others has in 
part already been answered; i. e., the veins, particularly the larger ones, 
in contrast to the venules, are more frequently surrounded by a glial 
collar and by demyelinization. By different technical methods, such as 
injection of a contrast medium into the cerebral vessels, I believe that 
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one will find that certain types of veins are more likely to be involved 
than others, possibly owing to the rate of venous flow or to some other 
common factor. 

The relationship of the subpial reaction of the spinal cord to the 
perivenous reaction of the parenchyma is significant from the standpoint 
of the pathogenesis of the former. In five of seven cases in which 
the spinal cord was involved (six of vaccinal encephalitis and one of 
encephalitis following measles) subpial lesions were present. In all five 


cases the subpial reaction was present at levels of the cord where 


Fig. 5——Photomicrograph showing that the perivenular glial reaction on the 
lateral border of the anterior horn is subpial and, on the basis of the study of 
other serial sections, continuous with the more centrally lying lesions. Other parts 
of the subpial tissue in this section were free from glial proliferation except where 
there was an adjacent parenchymal lesion. 


parenchymal pathologic change was demonstrable. This was particu- 
larly striking in the subpial zone adjacent to the anterior horn. A 
perivascular glial reaction in the lateral part of the anterior horn was 
usually associated with a subpial reaction directly lateral to it (fig. 5). 
Also, a perivascular glial reaction of the medial portion of the anterior 
horn was observed to be associated witha subpial reaction of the anterior 
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fissure. In two cases, with serial sections from different levels of the 
spinal cord it was possible to follow the relationship of the subpial 
reaction to the perivenous lesions to a level at which the cord was normal 
or the local changes disappeared. It was noted in both cases that when 
the perivenous lesions disappeared the subpial reaction either decreased 
in intensity or disappeared. It should be noted in figure 4 that the band 
of subpial glial proliferation was thickest at points where the main sep- 
tums of the cord meet the periphery or the pia, and in such instances 
the septum was surrounded by a microglial collar. As has already been 
noted, it is by way of the septums that the larger veins of the cord reach 
the periphery. Serial sections of the cord showed without exception 
that a perivenous glial collar extending to the pia of the cord was always 
associated on either side with a widespread subpial glial reaction. Thus, 
anatomically, there was a direct connection and relationship between the 
subpial reaction and the reaction occurring around the veins in the 
parenchyma of the cord. 

The significance of the subependymal glial reaction is not clear. Its 
relationship to the subependymal veins could not be studied because no 
serial sections of this region were available and because no satisfactory 
account of the venous system in this part of the brain is available. 

The perivenous glial reaction occurs in other types of encephalitis 
than those described in this paper. Scheidegger *® studied the brains 
in three cases of encephalitis following infection of the upper respira- 
tory tract in which the anatomic picture could not be distinguished from 
encephalitis associated with the exanthems mentioned. Putnam ™ 
describes the occurrence of the perivenous reaction in cases of multiple 
sclerosis. 

CONCLUSIONS 

The distribution of the perivenous lesions of encephalitis associated 
with vaccination, variola and measles is dependent primarily on the 
venous distribution in the central nervous system. 

The subpial reaction of the spinal cord is anatomically related to the 
perivenous reaction of the veins within the spinal cord. 

10. Personal communication to the author. 

11. Putnam, Tracy J.: Evidences of Vascular Occlusion in Multiple Sclerosis 
and “Encephalomyelitis,” Arch. Neurol. & Psychiat., to be published 
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Variations from the normal in body temperature and metabolism 
have been reported in cases of chronic encephalitis. Wimmer? and 
Mazza* observed febrile and subfebrile temperatures in the disease. 
Naccarati* found an increase in metabolism in twenty-five of forty- 
seven cases of chronic encephalitis and attributed the alterations in the 
metabolic rate to lesions in the vegetative centers located in the gray 
substance which surrounds the third ventricle and the aqueduct of 
Sylvius. 

There is considerable experimental evidence that the hypothalamus 
is the chief heat-regulatory center.* The question to be answered in the 
experiments reported in this paper is whether heat regulation is defec- 
tive in chronic encephalitis. 

Rubner,® among others, demonstrated by calorimetric experiments 
that the heat production of the body is increased when there is a fall 
in the external temperature, the body temperature remaining constant. 
Lavoisier and his associates® observed that a man consumes more 
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oxygen when the temperature of the air is 15 C. (59 F.) than when 
the environmental temperature is 32.5 C. (90.5 F.). The experiments 
reported in this paper were devised to compare the increase in the 
oxygen consumption (metabolism or heat production) and the ability 
to maintain the normal body temperature in patients with chronic 
encephalitis and in normal subjects on exposure to cold. 


METHOD OF PROCEDURE 

Twelve patients, ten male and two female, with chronic encephalitis were 
studied under the experimental conditions. The duration of the illness was from 
two to fourteen years. All had pronounced signs and symptoms of chronic 
encephalitis. Most of the patients had marked rigidity and tremor and were 
receiving treatment with atropine, which lessened the rigidity to some extent. 

The estimations of the rate of oxygen consumption, temperature and pulse rate, 
the determinations of the blood sugar content and the blood counts were made as 
nearly as possible under basal conditions. The tests were then repeated with the 
patients immersed in a tub of water at 60 F. Two of the patients were tested 
in water at 62 F. and one in water at 64 F. The room temperature was 80 F. 
Each patient was in the tub for from fifteen to twenty minutes. The oxygen 
consumption rate was determined as soon as the patient was resting quietly in 
the tub. Other procedures were then carried out, such as readings of the oral 
temperature and pulse rate and drawing of samples of blood for determinations of 
the sugar content and for cell counts. 

Water, because its heat capacity and conductivity are greater than those of 
air, withdraws heat from the body more rapidly than air at 60 F., and its tem- 
perature corresponds to a much lower temperature of the air. 

On eight of the patients the determinations were repeated from forty-five 
minutes to one hour after the bath, the patients having rested in bed during 
that time, covered with blankets. 

Twenty normal subjects, including physicians, nurses and attendants, were 
subjected to the same procedures during all three test periods—before the bath, 
during the bath and from forty-five minutes to one hour after the bath. On six 
additional normal subjects the oxygen consumption rate was observed only before 
and during exposure to cold water. The individual reactions of these six subjects 
are not given in the tables, but they were included in the determination of the 
average value. The average gain in the oxygen consumption rate is therefore 
higher for the normal subjects than appears in table 3. 


RESULTS 

The observations are reported in tables 1 to 4. 

There was a greater gain in oxygen consumption in normal subjects 
on exposure to cold than in patients with chronic encephalitis. The least 
gain in oxygen consumption occurred in patients with chronic encepha- 
litis treated with atropine. More marked differences were noted in the 
body temperatures on exposure to cold. Eight of the normal subjects 
showed an increase of temperature on exposure (overcompensation), 
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whereas only one of the patients with chronic encephalitis, who was 
receiving treatment with atropine, reacted with an elevation of tem- 
perature (C. B., table 2). All the other patients reacted with a lowering 


of body temperature on exposure. 


TABLE 1—Effect of Cold on Rate of Oxygen Consumption and Body Temperature 


of Patients with Postencephalitis Who Were Not Treated with Atropine 


Gain or 
Loss in 
Oxygen 
Consumption 
Rate, 
in Cold Water, 


Patient Percentage 


F.B 121 
Wik. 8 
H. H 8 
A. G. 41) 

W. B. 29 
R. F. 
F. M. 
C. C. ] 
18 
27 
C. B. 4] 


Gain or Loss in 


Oxygen 
Consumption 
Rate, 
from 45 Min. 
to 1 Hr. 


After Exposure 


in Cold Water, 
Percentage 


Gain or 
Loss in 
Temperature 
from 45 Min. 
to 1 Hr. 
After Exposure 
in Cold Water, 
F. 


Gain or 
Loss in 
Temperature 
in Cold Water, 


0.2 0 
0.9 0.5 
0.2 0.8 
Q).? 
1.9 0.6 
0.7 0.6 
1.4 0.8 
0.4 0.6 
0.4 —1.0 
0.8 0.8 
0.7 1.1 


Difference 
Between 
Temperature 


Reading During 


Exposure and 
That from 
45 Min. to 1 Hr. 


After Exposure, 
F. 


TABLE 2.—Effect of Cold on Rate of Oxygen Consumption and Body Temperature 
of Patients with Postencephalitis Treated with Atropine Sulfate to the 


Gain or 
Loss in 
Oxygen 
Consumption 
Rate, 
in Cold Water, 


Patient Percentage 


F.B 74 
W.k . 
H. H 16 
A.G 20 
2 
W.B 

R. F. ) 
F.M 

Cc. C. 27 
18 
C.B 7 


Point 


Gain or Loss in 
Oxygen 
Consumption 
Rate, 
from 45 Min. 
to 1 Hr. 
After Exposure 
in Cold Water, 
Percentage 


of 71 oleran “3 


Gain or 


Loss in 

Temperature 

Gain or from 45 Min. 
Loss in to1 Hr. 


After Exposure 
in Cold Water, 
F. 


Temperature 
in Cold Water, 
F. 


1.4 0.4 
1.4 
Be 

0.6 0 

O4 l 

0. 

0.6 0 


Difference 
Between 
Temperature 
Reading During 
Exposure and 
That from 
45 Min. to 1 Hr. 
After Exposure, 
F. 


The reactions on recovery, as shown by the body temperature aiter 


the bath, indicate further differences between the patients with chronic 
encephalitis and normal subjects. As shown in the last columns in tables 


22 0.2 
0. 
22 
5 

i 0.1 

4 
l 0.6 
4 0.4 
10 
l ‘ 
0.1 
‘ ~ 
1. 
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1, 2 and 3, there was a greater drop in the temperature of the normal 
subjects after the bath. The drop in oral temperature in normal sub- 
jects is explained by the fact that on emergence from a cold bath to 
warm surroundings the inner temperature falls, the heat being trans- 
ferred to the surface of the body, which was cooled during the bath. 
This reaction did not occur, as a rule, in patients with chronic encepha- 
litis, as shown by the fact that after the bath the oral temperature did 
not drop further but rose instead. It is probable that the normal vaso- 


Tas_E 3.—Effect of Cold on Rate of Oxygen Consumption and Body Temperature 
of Subjects Used as Controls Who Had No Psychosis 


Gain or Loss in Difference 


Gain or 


Oxygen 
Consumption 


Gain or 
Loss in 


Between 
Temperature 


Loss in Rate, Temperature Reading During 

Oxygen from 45 Min. Gain or from 45 Min. Exposure and 
Consumption to 1 Hr. Loss in to 1 Hr. That from 

Rate, After Exposure ‘Temperature After Exposure 45 Min. to1 Hr. 


in Cold Water, 


in Cold Water, 


in Cold Water, in Cold Water, After Exposure, 
F. 


Patient Percentage Percentage : 
M, B. 100 51 0.6 20 1.4 
Cc. W. 67 ) 
F. K. 62 5 1.0 2.0 1.0 
A.S. 7 41 0.2 0.4 0.6 
L. A. 4 0 ( 0.7 1.2 
A. A. 4) 7 0. 0 0 
H. S. 15 l 1.2 1.4 0.2 
L. 8. 7 2 1.1 0 0.1 
M. W. 1] 0.2 0.8 1.0 
F.N. 0.4 0.8 
We 
M. A. 21 l 
I. F. ( 
M. S. j (6.2 0.8 
M. B. 8 0.9 0 0.9 
M. F. ( 1.0 
M. 0.6 0 
W.S. 0.4 0.4 0 
L. ( 

W.H ( g 0.4 


dilatation or reactive hyperemia did not occur in patients with chronic 
encephalitis. 

There was a greater loss in temperature as well as a lower oxygen 
consumption rate in the patients with chronic encephalitis while they 
were treated with atropine than after the use of atropine had been dis- 
continued (figs. 1 and 2). 

The basal metabolic rate in patients with chronic encephalitis was 
higher than that in the normal subjects (average, 25.25 per cent as com- 

6a. von Liebermeister, C.: Handbuch der Pathologie und Therapie des Fiebers, 
Leipzig, F. C. W. Vogel, 1875. Strasser, A.: Die Warme-Regulation und ihre 


Bewertung, Wien. Arch. f. inn. Med. 6:215, 1923. 
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pared with — 2.7 per cent, table 4). With treatment with atropine, the 
metabolic rate in cases of chronic encephalitis was reduced (fig. 3 and 
table 4, average, 15.58 per cent), although it was still above normal. 
There was no correlation between the rigidity and tremors and any of 


the observations noted. 


100 7 + 
90 + 4 
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gain or loss 
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Oxygen consumption 
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Chart 1—Graph showing gain (or loss) in the oxygen consumption rate in 
patients with chronic encephalitis on exposure to cold. Columns in black indicate 
the gain (or loss) in the rate of oxygen consumption of patients when not 
receiving treatment, and the adjoining white columns bearing the same letters, 
the corresponding gain (or loss) of the same patients when receiving treatment 
with atropine. 
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Chart 2.—Graph showing the loss (or gain) in oral temperature in patients 
with chronic encephalitis on exposure to cold. Columns in black indicate the loss 
(or gain) in the temperature of patients when not receiving treatment, and the 
adjoining white columns bearing the same letters, the loss (or gain) in tempera- 
ture of the same patients when receiving treatment with atropine. 
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Chart 3—Graph showing the basal metabolic rate (oxygen consumption rate) 
in patients with chronic encephalitis. Columns in black indicate the basal meta- 
bolic rates of patients when not receiving treatment, and the adjoining white 
columns bearing the same letters, the basal metabolic rates of the same patients 
when receiving treatment with atropine. In this chart and in charts 1 and 2 


columns below the horizontal line indicate minus values. 
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COMMENT 

Heat regulation is defective in chronic encephalitis, as shown by the 
greater loss in temperature and the smaller gain in the oxygen con- 
sumption rate in these patients than in normal subjects on exposure to 
cold. The disturbance in heat regulation is probably due to a central 
lesion, but it cannot with certainty be ascribed to any location because 
of the diffuse character of the lesions. However, there is agreement in 
the recent literature that the hypothalamus is the chief heat-regulatory 
center,’ and lesions in this area probably cause the defective heat regu- 
lation associated with chronic encephalitis. 

Exposure to cold causes a greater loss in temperature in patients 
with chronic encephalitis who have been treated with atropine than in 
patients who are not treated. One of the dangers of treatment of chronic 
encephalitis with atropine is the rise in body temperature that may 
occur during the hot weather. Apparently, atropine disturbs the heat- 
regulatory center, causing an increase in body temperature on exposure 
to a warm environment and a lowering of the temperature on exposure 
to cold. Agapi* reported that mice which were given injections of 
atropine died when the external temperature was lowered to 9 C., 
whereas no effect was observed in animals used as controls. 


7. Keller, A. D., and Hare, W. K.: Hypothalamus and Heat Regulation, 
Proc. Soc. Exper. Biol. & Med. 29:1067 (June) 1932. Davison, C., and Selby, 
N. E.: Hypothermia in Cases of Hypothalamic Lesions, Arch. Neurol. & 


Psychiat. 33:570 (March) 1935. Ranson, S. W., and Ingram, W. R.: Hypo- 
thalamus and Regulation of Body Temperature, Proc. Soc. Exper. Biol. & 
Med. 32:1439 (June) 1935. Bazett, Alpers and Erb.4 Ranson and his associates 
have found evidence that the anterior part of the hypothalamus is concerned with 
preventing abnormal rises in body temperature and that only the posterior part 
is concerned in preventing the body from becoming too cold (Arch. Neurol. & 
Psychiat., to be published; Am. J. Physiol., to be published). A cat with large 
lesions destroying the floor of the third ventricle from the region of the infun- 
dibulum into the suprachiasmatic region maintains its body temperature in spite 
of exposure for three hours in a refrigerator at 0 C., but when put in a hot room 
(103 F.) the temperature rises rapidly, reaching 105 F. or higher before panting 
begins. Many of these cats fail to pant even when the temperature reaches 106 F. 
Monkeys and cats with such anterior lesions often show transient postoperative 
hyperthermia. After posterior hypothalamic lesions the animals have subnormal 
temperatures under ordinary room conditions. Monkeys with lesions in the tuber 
cinereum extending into the region of the mamillary bodies have been kept for 
weeks and have frequently had temperatures as low as 95 F. and sometimes as low 
as 90 F. These findings are not in agreement with those of Frazier, Alpers and 
Lewy (Brain 59: 122, 1936). 

8. Agapi, C.: Action de l’atropine sur quelques organes: Modifications histo- 
logiques ; diminution de la résistance au froid, Compt. rend. Soc. de biol. 97:120 
(Oct. 21) 1927. 
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The lowering of the basal metabolic rate in patients treated with 
atropine was not due to decrease in rigidity, as the metabolic cost of 
muscular rigidity is slight in comparison with that of phasic responses ® 
or of voluntary rigidity.’ 

SUMMARY 

The heat-regulatory efficiency of patients with chronic encephalitis 
was investigated by determining the oral temperature and oxygen con- 
sumption rate during basal conditions, on exposure to cold water and 
after a cold bath. The results were compared with observations on 
normal persons subjected to the same experimental procedure. The 
observations on patients with chronic encephalitis were made during 
treatment with atropine and were repeated with the patient under the 
same experimental conditions after the use of atropine had been dis- 
continued for about a week. 

There was a greater gain in the oxygen consumption rate in the 
normal subjects on exposure to cold than in the patients with chronic 
encephalitis. The least gain in the oxygen consumption rate occurred 
in patients with chronic encephalitis who were treated with atropine. 
Eight of the normal subjects showed an increase in temperature on 
exposure to cold (overcompensation). Only one of the patients with 
chronic encephalitis reacted with an elevation in temperature on exposure. 
All others reacted with a lowering of body temperature. There was no 
reactive hyperemia after the bath in patients with chronic encephalitis 
—an effect which occurs in normal subjects on emergence from a cold 
bath into warm surroundings. 

There was greater loss in temperature as well as a lower oxygen 
consumption rate in the patients with chronic encephalitis who were 
treated with atropine as compared with the reaction of patients after 
the use of atropine had been discontinued. 

The basal metabolic rate in patients with chronic encephalitis was 
higher than that in the normal subjects. With treatment with atropine 
the metabolic rate in patients with chronic encephalitis was reduced, 
although it was still above the normal. There was no correlation between 
the rigidity and tremors and any of the observations noted. 

It is concluded that heat regulation is defective in chronic encepha- 
litis ; this is probably due to lesions in the hypothalamus. 
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NEUROLOGIC MECHANISM CONCERNED IN 
EPILEPTIC SEIZURES 


PAUL I. YAKOVLEV, M.D. 


PALMER, MASS. 


Epileptic seizures consist essentially of symptoms belonging to three 
categories: (1) neurovegetative disturbances, i. e., disturbances in the 
sphere of interofective innervation; (2) loss of consciousness, and 
(3) changes in muscular tension, i. e., disturbances in the sphere of 
cerebrospinal, or exterofective, innervation. 

On the other hand, the evolution of the epileptic seizure consists of 
three phases: (1) the introductory phase preceding loss of conscious- 
ness, i. e., the phase of prodromes and auras; (2) the phase of the 
seizure proper, attended by loss of consciousness, and (3) the phase 
of recovery after the seizure. My purpose in this study was to integrate 
various phenomena of the epileptic seizure and, on the basis of the time 
relationship between various categories of paroxysmal symptoms, to 
explain the mechanism of epileptic seizures as a disturbance of one 
central reflex mechanism controlling the rhythm and rate of cerebral 
activity. 

INTRODUCTORY PHASE 

Neurovegetative disturbances are manifest throughout the course of 
the seizure from the beginning of the introductory phase to the end 
of the phase of recovery. During the introductory phase, however, the 
neurovegetative disturbances predominate, whereas consciousness is as 
a rule preserved and abnormal changes in muscular tension (e. g., jack- 
sonian attacks) are relatively rare. The neurovegetative disturbances 
commonly observed in the introductory phase are mainly pupillary, 
vasomotor, pilomotor, secretory, cardiorespiratory, visceral, metabolic 
and emotional changes. 

The Century dictionary’s definition of the epileptic aura—“primarily 
a sensation as a current of air rising from some part of the body to the 
head’’—describes the neurovegetative type. Patients often use almost 
identical terms—‘“a hot or cold wave rising to the head” from some part 
of the body, usually the “stomach.” The visceral type of aura is the most 
common warning of an attack. The epigastric aura is especially fre- 
quent and is described as a sensation of burning, of painful distress 
or of peristaltic spasm. Nausea, vomiting, abdominal cramps, urge to 
stool, call to micturition, salivation, or, on the other hand, dryness 
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of the mouth and intense thirst, sweating, flushing and chills may occur, 
Dizziness, with or without the sensation of imminent collapse, is a nearly 
constant subjective phenomenon in all patients who have warning. A 
few examples taken at random of prodromes and auras, given as nearly 
as possible in the patients’ own words, will illustrate the essentially 
neurovegetative nature of the subjective symptoms of the introductory 
phase : 

Case 1.—Raymond T., aged 20, had the following prodromal symtpoms: “For 
a few days before seizure I become irritable; once I fired a rifle at my father, 
while otherwise I am very fond of him.” The aura was as follows: “I suddenly 
feel awful thirsty; I just crave for a swallow of water; my mouth is burning; 
I feel as if there was a hot coal under my tongue; there is a strange feeling in 
my head; all appears to me unusual, unreal. I hear the name of a saint called 
in French; I never could make out that name, and when I hear that I lose con- 
sciousness.” 

Case 2.—Ernest C., aged 22, had the following prodromal symptoms: “A 
day before the seizure I usually feel all on the bum; I get bilious and easily mad; 
cannot control myself. I usually sweat a lot before the seizure and always have a 
queer feeling in my stomach and in my head.” In the aura “something starts to roll 
in my stomach; lots of gas comes up; it chokes me like; I am short of air and 
have a horrible feeling, and then all is gone—I know nothing.” 

Case 3.—Lucien L., aged 37, described the following prodrome: “When | 
become constipated for several days I know I am going to have a seizure; I 
become very moody and irritable, and nothing suits me.” The aura was as 
follows: “I have a queer feeling in the head, like a hot pressure and feel dizzy; 
all things turn dim and yet sharp; it is like when an eclipse is coming on, and then 
all is gone.” 

Case 4.—Mary W., aged 16, stated that in the aura “my mouth fills with saliva; 
I drool; I feel chilled to my bones, and then a shiver comes over me.” The 
seizure followed. 

Case 5.—Lorraine Mc., aged 18, described the aura thus: “I suddenly feel as 
if frightened but do not see or know any reason for being frightened; it is 
inside of me; it feels as if my heart is falling down—just as when frightened.” 
Consciousness was then lost. 

Case 6.—Frank V., aged 8, experienced the following prodrome: For a few 
hours before the attack the mother noticed “red blotches on each cheek, which 
gradually turned white in the middle as if marked with chalk.’ When she saw 
these “blotches” she kept the boy near her. The aura was described thus: When 
the attack came the boy cried that he was “going blind”; he groped around, trying 


to reach his mother “as though he could not see,’ and then he had a seizure. 


The subjective warning of an attack, according to the statistical 
data of Gowers,’ confirmed recently by Lennox and Cobb,’ occurs in 
about 57 per cent of the cases. It is of interest that the statistical 


1. Gowers, William R.: Epilepsy and Other Chronic Convulsive Disorders: 
Their Causes, Symptoms, and Treatment, London, J. & A. Churchill, Ltd., 1901. 

2. Lennox, W. G., and Cobb, Stanley: Epilepsy: XIIT. Aura in Epilepsy; 
a Statistical Review of 1,359 Cases, Arch. Neurol. & Psychiat. 30:374 (Aug.) 1933. 
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results arrived at by different authors, based on material collected in 
two countries at an interval of over thirty years, coincide almost to a 
fraction of 1 per cent. 

Many patients do not possess the faculty of self-observation to a 
degree sufficient to give an adequate account of their subjective expe- 
riences. Moreover, many physiologic disturbances introductory to a 
seizure are such that they are not reflected in consciousness, e. g., pupil- 
lary, vasomotor and metabolic reactions. It is evident, therefore, that 
the figure for the incidence of aura arrived at by the authors cited, 
high as it is, is below its actual value. 

The objective neurovegetative disturbances preceding loss of con- 
sciousness, such as dilatation of the pupils, vasomotor changes in the 
face and pilomotor reactions (goose skin), may be more or less promi- 
nent and may appear singly or together, but are nearly always present. 
These premonitory neurovegetative disturbances consist of abnormal 
manifestations of both the sympathetic and the parasympathetic inner- 
vation. Either type may prevail. For example, the introductory upsets 
may be mainly of sympathetic origin—dilatation of the pupils, tachy- 
cardia, pallor, pilo-erection, shivering and dryness of the skin—while in 
another case the upsets may be mainly parasympathetic—pupillary con- 
striction, sweating, vasodilatation, slowing of the pulse rate, cardiac 
oppression, syncopal attacks, salivation, nausea and vomiting, gastro- 
intestinal peristalsis and a call to micturition or defecation, Again, the 
sympathetic and parasympathetic effects may alternate; for example, 
flushing of the skin may be followed by vasoconstrictive pallor; pupil- 
lary constriction, by dilatation of the pupils, and a subjective sensation 
of heat rushing into the head, by a prompt sensation of chill, with goose 
skin and shivering. These effects may also occur side by side in a mosaic 
reaction; thus, chalky white blotches of vasoconstriction may appear 
amid flushed areas of vasodilatation of the skin, or one side of the face 
and hand may become abnormally red and warm and the opposite side 
cold and clammy. Again, pupillary dilatation, pallor of the face and 
tachycardia may occur simultaneously with nausea and an intense gastro- 
intestinal peristaltic spasm. 

Paroxysmal disturbances, such as “vasovagal attacks” of Gowers,® 
“inward fits” (laryngismus stridulus) of Hughlings Jackson,‘ “visceral 
variants” of Wilson ® and “autonomic epilepsy” of Penfield,® are often 


_ 3. Gowers, William R.: The Border-Land of Epilepsy: Faints, Vagal Attacks, 
Vertigo, Migraine, Sleep Symptoms, and Their Treatment, Philadelphia, P. Blakis- 
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4. Jackson, John Hughlings: Selected Writings, edited by James Taylor, 
London, Hodder & Stoughton, Ltd., 1931, vol. 1. 

5. Wilson, S. A. K.: Modern Problems in Neurology, New York, William 
Wood & Company, 1929. 

6. Penfield, Wilder: Diencephalic Autonomic Epilepsy, Arch. Neurol. & Psy- 
chiat. 22:358 (Aug.) 1929, 
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observed in association with typical epileptic seizures. These essentially 
neurovegetative disturbances may constitute the whole attack or may 
be followed by loss of consciousness and convulsions. In the latter case 
they represent the introductory phase of a typical epileptic seizure. 
The neurovegetative disturbances of the introductory phase are 
usually associated with metabolic disturbances and changes in the emo- 
tional disposition of the patient. Studies of the metabolic processes in 
epilepsy have shown a great variety of abnormalities; however, none 
of the abnormalities so far described appears to be either common to 
all patients with epilepsy or constant in any of them. The essential 
feature of these abnormalities, especially manifest about the time of the 
seizure, consists of a peculiar instability of the metabolic processes, i. e., 
an abnormal variability in time and rate.* Lennox and Cobb ® stated: 


The most constant [abnormality in epileptics] is the inconstancy of physiological 
processes. For example, there is variation from day to day in such measurements 
as pu of the blood, oxygen consumption, biood sugar curves, activity of reflexes, 
vasomotor reactions, leucocytic formula, excretion of ammonia, weight, and nitro- 
gen balance. 


This instability of the physiologic processes in the internal medium 
in patients with epilepsy was especially emphasized by Frisch,’ who 
adduced the evidence of instability of the neurohormonal equilibrium. 
According to him, at the time of the seizure the activity of the sympa- 
thetic-adrenal neurohormonal complex prevails over the activity of the 
vagal parathyroid-pancreatic complex. The increase of excitability of 
the nervous system at the time of the seizure is the consequence of this 
shift of the neurohormonal equilibrium from the anabolic to the cata- 
bolic side. He regarded the epileptic seizure, with its attendant excessive 
muscular activity and sympathetic stimulation, as a manifestation of the 
prevalence of the catabolic phase of energy metabolism, followed by an 
anabolic phase (postparoxysmal sleep). 

The changes of emotional disposition go hand in hand with the 
metabolic and neurovegetative disturbances. The emotional instability of 
patients with epilepsy is, indeed, generally recognized. These changes 
of disposition are characterized by excessive irritability and abnormal 
variability of mood. In the course of one day, or even a few hours, a 
patient may pass from a state of depression to one of euphoria and 
from sullen apathy to inordinate agitation. Emotional reactions become 
impulsive, incoherent and out of proportion to the external factors pro- 
voking them; often no external cause is discernible for emotional reac- 
tions of a sudden and most violent nature. Emotional instability may 
constitute the sole warning of an approaching attack. 

7. Frisch, Felix: Das “vegetative System” der Epileptiker, Berlin, Julius 
Springer, 1928. 
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It must be pointed out that in cases of so-called essential epilepsy 
especially, a carefully collected anamnesis often reveals that for years 
previous to the appearance of epileptic seizures there occurred a gradual 
change in the patient’s physical and emotional habitus and that the 
periodic disturbances peculiar to the patient before an attack were noted 
for a long time before these disturbances began to culminate in an 
actual seizure. In other words, the introductory phase of the seizure 
represents, in a sense, a foreshortening of a long-drawn-out process of 
building up of epilepsy as a disease. 

From these observations the preliminary conclusions may be drawn 
that the epileptic seizure is preceded by an increase in the instability 
of the physiologic processes within the internal medium and that this 
instability is manifested mainly by the dissociation in time and rate 
between the activity of the catabolic sympathetic and that of the anabolic 
parasympathetic division of the autonomic system. In other words, there 
occurs a dissociation in the rhythm and rate of the energy metabolism 
within the internal medium—a disturbance of the condition of physio- 
logic homeostasis, which was considered by von Monakow to be a state 
of neurovegetative diaspasis.° 


PHASE OF THE SEIZURE PROPER 

As Frisch pointed out, this phase is an essentially catabolic (energy- 
releasing) phase, during which the manifestations of widespread sym- 
pathetic stimulation are always prominent and are associated with the 
discharge of energy through the activity of the cerebrospinal system 
(movements, spasms and convulsions) and a more or less profound 
dissolution of exterofective functions, ranging from mere momentary 
confusion of thought to comatose prostration. 

Sympathetic Stimulation—During the seizure proper the pupils 
dilate, except in rare instances, as when an Argyll Robertson pupil is 
present. Vasomotor changes consist of characteristic vasoconstrictive 
pallor. In severe seizures associated with a sustained muscular spasm, 
the pallor gradually gives place to a bluish or frankly cyanotic dis- 
coloration of the face, with swelling of the veins on the neck and 
forehead. A polimotor reaction is often evident and consists of bristling 
of the hair on the scalp and characteristic goose skin, which may spread 
over the entire integument. With muscular spasm and sometimes before 
the spasm develops, the blood pressure and pulse rate increase. Rise of 
temperature is frequently observed ; it may increase to 105 F. or higher, 
without any relation to the severity or duration of the muscular spasm. 
Mild attacks, unattended by muscular spasms or convulsions, may be 


9. von Monakow, C., and Mourgue, R.: Introduction biologique a lV’étude de 
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associated with paroxysmal fever. All these manifestations of a wide- 
spread sympathetic stimulation are most conspicuous during the early 
part and at the acme of this phase of the seizure. 

Loss of Consciousness —The loss of consciousness may be gradual, 
proceeding as a progressive dimming of apperception, often associated 
with dreamy states, sensory hallucinations, delusions or confusion ; how- 
ever, in most instances loss of consciousness is prompt and sudden, 
coming on without transitional degrees. 

The instantaneity of the loss of consciousness precludes its expla- 
nation by any mechanism other than one of reflex, 1. e., neural nature. 
Such a central reflex mechanism controlling the threshold of conscious- 
ness has for some time been postulated by Muller *® and recently by 
Lennox, Gibbs and Gibbs." The reflex nature of the loss of conscious- 
ness during the epileptic seizure is often conspicuous on clinical obser- 
vation of patients with epilepsy, in whom a typical seizure may be 
induced at will by appropriate external stimulation. 

Case 7.—Randolph C., aged 26, had had epilepsy since the age of 6 years. 
A typical seizure, with loss of consciousness and convulsions, could be induced 
whenever desired by a sudden noise, e. g., a loud shout. Once a seizure was 
induced there occurred a refractory period of about an hour, during which the 
same stimulus became ineffective. On July 4 the patient was watching a cannon 
being loaded. The report of the first shot threw him to the ground in a severe 
seizure. By the time the second loading was made he had recovered and resumed 
his place near-by. The second report caused only a slight spasm, without causing 
him to fall; the subsequent reports did not affect him in the least. 

Case 8.—Joseph Z., aged 19, had had epilepsy since the age of 8 years. He 
was much deteriorated and scarcely knew his name. A slap or even a gentle 
stroke over his shoulder or head, provided that it took him unaware, invariably 
induced instantaneous loss of consciousness and a severe seizure, undistinguishable 
from the attacks which he had spontaneously. However, after the seizure the 
same stimulus, even when strong, failed to produce another attack. 


Several similar cases are on record. The fact that the epileptogenic 
stimulus must be of appropriate quality (sound in one instance and 
mechanical stroke in the other) and that the reaction is followed by a 
refractory phase during which the same stimulus becomes ineftective, 
as in these two cases, argues for the existence of a central reflex 
mechanism which controls the state of consciousness and of cerebral 
activity in general. 

Once the patient has lost consciousness, by no external stimulation, 
however strong, even though destructive to tissues, can he be returned 
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to his senses. Unconsciousness during the phase of the seizure is a 
nonreversible state and is self-limited in duration. It is comparable to 
a pitch-dark gap in the continuity of apperception—a gap of which, 
perforce, the patient himself is unaware. It is evident that the uncon- 
sciousness during a seizure is a disturbance of cerebral mechanisms the 
normal activity of which is necessary for awareness of the environment 
and of oneself. Of these mechanisms the cerebral cortex is an essential 
part. The loss of consciousness during an epileptic seizure represents 
the abrogation of the integrative activity of the nervous system at the 
cortical level. 

Changes in Muscular Tension—The degree of severity of an epi- 
leptic seizure is usually judged by the severity and duration of the 
so-called convulsive movements, 1. e., by the degree of changes in mus- 
cular tension. In the least degree which can be clinically appreciated 
these changes in muscular tension may consist of a momentary fixation 
of posture and a momentary increase in muscular tension of some 
part of the body or of the whole body. This postural fixation, such as 
often occurs in attacks of petit mal, is followed by prompt relaxation 
of the part or by postural collapse of the whole body (cataplexy), the 
patient slumping to the ground and then promptly recovering senses 
and erectness. On the other hand, in the most severe degree, as in the 
fully developed seizure of grand mal, these changes in muscular tension 
may consist of an intense and generalized muscular spasm, followed by 
complete relaxation of the skeletal musculature and comatose insensi- 
bility. Between these two extremes all gradations may be observed, the 
increase in muscular tension and subsequent muscular relaxation being 
successive phases in any attack attended by loss of consciousness. 


‘ 


Three main categories of epileptic attacks—petit mal, “sham emo- 
tional” and grand mal—may now be analyzed. 

Attacks of Petit Mal.—The attack of so-called petit mal may consist 
of a momentary block of consciousness, without impairment of erect- 
ness or locomotion or even of coordinated muscular actions, so long as 
these actions are automatic, i. e., do not imply attention, deliberation 
and choice. However, simultaneously with the transient loss of con- 
sciousness, the tendon reflexes may become exaggerated, and the plantar 
reflex, extensor (Babinski sign). This significant observation was made 
repeatedly in numerous cases. 

Case 9—Edward C., a school boy aged 12 years, had occasional major seizures 
and numerous attacks of petit mal, occurring on some days every five or ten 
minutes. They varied in severity; usually they consisted of momentary staring, 
fixation of posture, dilatation of the pupils and then nodding of the head. In 
more severe attacks he had first tonic and then clonic contractions in the left arm 
and shoulder. Neurologic examination during an interval between the attacks 
revealed no abnormal signs, whereas during the attack there occurred a bilateral 
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extensor response, with loss of consciousness, spasm in the left arm and shoulder, 
rotation of the head to the left, dilatation and then contraction of the pupils and 
other disturbances in the sphere of vegetative innervation. The results of one 
observation on this boy are shown in figure 1. The plantar reflex was tested 
in each foot in succession at intervals of about one minute, the patient being 
requested to say “yes” (indicated by X) when he felt the stimulus. The nature of 
the response, together with other observations made simultaneously, were recorded 
by another physician on a band of paper, with time intervals marked in advance, 
In the course of thirty minutes the patient had three attacks (S). During the 
intervals the plantar response was invariably flexor (F) except on two occasions 
in which, in the interval between the second and the third seizure, an extensor 
response (E) was elicited in the left foot. During each seizure the plantar reflex 
became extensor (£) bilaterally, and the patient did not register the stimulation 
(O), remaining silent. During the seizure and as the spasm in the left arm 
waxed the pupils were dilated, and when relaxation supervened they became 
contracted to a diameter always smaller than that during the intervals. During 
the last seizure recorded the extensor response, unconsciousness and pupillary 
reactions were associated at first with flushing of the face and then with pallor, 


Petit MAL ATTACKS 
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Fig. 1 (case 9).—Diagram illustrating the changes in the plantar response, 
muscular tension and pupils during a series of petit mal attacks. In this diagram 
F indicates a flexor response; E, an extensor response; XY, that the stimulus regis- 
tered (patient saying ‘“Yes”) ; O, that the stimulus did not register (patient silent), 
and S, a seizure. 


and when clonic relaxation supervened and the pupils became contracted there 
were sweating of the forehead, salivation and rhythmic emptying of the bladder, 
after which the patient appeared sleepy for a short time. 


The coincidence of loss of consciousness and of extensor response 
during each seizure, as demonstrated in this patient, indicates that these 
paroxysmal symptoms are interrelated. Like the loss of consciousness, 
the Babinski sign testifies to a change in the state of cortical functions 
in the sense of a deficit and not of an excess. Furthermore, this obser- 
vation, like many other similar ones on record, demonstrated that during 
the active phase of the seizure sympathetic stimulation (pupillary dila- 
tation and pallor) predominates and is associated with loss of conscious- 
ness and an increase in muscular tension (spasm), whereas at the 
conclusion of the attack the muscular relaxation, sleep and eventual 
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recovery of consciousness are associated with a display mainly of 
parasympathetic effects—pupillary constriction, sweating, salivation and 
micturition. 


Transitional or Sham Emotional Attacks—Sham emotional attacks 
usually follow those of petit mal or precede major seizures. In the latter 
case they often represent a transitional phase between an attack of petit 
mal and any one of the varieties of major epileptic seizures to be 
described later. These attacks belong to the category of paroxysmal 
disturbances associated with epilepsy usually referred to as psychomotor 
automatism or coordinated epilepsy, but they possess clinical features 
sufficiently distinctive to permit use of the term sham emotional attacks. 


Case 10.—Francis B., aged 21, was slow in learning to walk; he was left 
handed. At the age of 16 vears he had measles complicated with otitis; a year 
later he began to have attacks of petit mal; later these attacks became associated 
with confusion, when he appeared “all upset and walked around as in a daze.” 
After the age of 20 the attacks often ended in a major seizure. A typical seizure 
may be described as follows: The patient was sitting on a chair conversing 
with a physician; as he spoke he stopped in the middle of a sentence, with a 
vacant stare; the eyes became protruded; the right pupil was widely dilated. 
The face at first was flushed; then spots of vasoconstrictive pallor appeared 
in the area of the vasodilatation in a mosaic reaction. He appeared emotionally 
upset; he rose from the chair and began to beat up and down in the air with 
his right forearm; the fists closed, and in synchronism with the movements of 
the right forearm he cried out a syllable: “cha, cha, cha”; then he rubbed his 
face with both hands and sat down, appearing fully conscious. He was not 
aware of having had an attack. On another occasion, a few weeks later, another 
seizure was observed in which the sequence of symptoms was identical with those 
just described; however, this time, after the patient had performed the stereo- 
typed up and down motion with his right forearm, shouting “cha, cha, cha,” 
he became rigid and began to sag to the floor. A major seizure followed, which 
will be described in detail later (case 15). 

CasE 11.—William E., aged 24, had had epileptic attacks since adolescence. 
He had frequent major seizures, often preceded by a short period when he 
appeared to be “out of his head, yelling for his brother and Saint Theresa.” 
One of these attacks was observed. While sitting on a bench, the patient suddenly 
turned pale and stared, his pupils widely dilated, and he promptly rose and 
began to wail aloud: “You are my brother! Oh, Saint Theresa, help me!” His 
countenance and the posture of the body expressed profound emotional disarray ; 
he forcefully shouted the same phrase over and over. Each time as he cried 
“You are my brother!” he raised his arms, crying: “Saint Theresa, help me!,” 
joined his hands in supplication and bent down. He repeated the same phrase 
and gestures several times, with sustained rhythm and synchronism of move- 
ments and shouts, until he fell in a seizure of grand mal. On recovery he had 
not the least recollection of the entire episode; he was never aware of what he 
did or said during an attack. 

Case 12.—Herbert H., aged 24, when 20 years old began to have epileptic 
attacks. The following seizure was observed: As he bent over the motor of an 
automobile, making repairs, he suddenly straightened and, with an inarticulate 
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groan of either pain or anger, forcefully threw the wrench and began to run 
in circles, yelling and beating in the air with his right arm. As he was caught to 
prevent him from doing harm, he bent over to one side, straightened his legs 
and kept on shouting and striking in the air with the right arm. As the spasm 
waxed, the repetitive vocalization ended in a protracted, rattling groan (initial 
cry), and a major seizure followed. 

CasE 13.—John D., aged 29, suffering from chronic epilepsy, had an attack 
of petit mal while at a patients’ dance, when he appeared confused and began to 
undress. When an attendant tried to lead him out of the hall, he entered into a 
state of ferocious rage; he broke away from the attendants and, shouting, yelling, 
swearing and fighting, ran out of the hall and across the yard, throwing 
stones on the way; as he reached the glass door of another building he thrust 
his fist through the glass panel; in spite of severe cuts and lacerations and though 
bleeding profusely, he kept on belaboring the glass with his fists until attendants 
were able to overcome him. Not a trace of the entire episode remained in his 
memory after the attack. 


The movements of facial mimicry, the utterances and the move- 
ments of the body and extremities often show a tendency to be rhythmic 
and synchronous and are stereotyped; they appear as a pattern reaction 
repeated over and over. The movements and emotional utterances are 
impulsive, while the patient appears to be in a state of fear, rage, ecstasy 
or like state of intense emotional excitement. As in emotional excite- 
ment anticipatory of immediate muscular action, these attacks are usually 
associated with general increase of muscular tension. The posture at 
first becomes fixed (petit mal), and there follows a discharge of more 
or less intense and coordinated muscular activity—running, fighting or 
gesticulating. The sympathetic mass reaction of a seizure, e. g., pallor 
of the face, dilatation of the pupils, protrusion of the eyeballs and 
bristling of the hair, further enhances a close analogy with normal 
states of intense emotional excitement but is without any apparent rela- 
tionship to the circumstances of the moment, nor has it usually any 
connection with conscious experiences preceding them. These phenomena 
are not consciously integrated with the past or present and leave no 
trace in the patient’s consciousness; therefore, they have no future as 
memory. These quasiemotional reactions are mere somatic expressions 
of an emotional state void of subjective feeling and may, therefore, be 
regarded as sham emotions analogous to the pseudo-affective reactions 
which are observed in experimental animals deprived of the cortical 
mechanisms of sensory integration.’ It is legitimate to assume that 
these attacks in persons with epilepsy represent a discharge of dien- 
cephalic (unconditioned) reflex mechanisms while the cortical (condi- 
tioned) reflex mechanisms are in a state of temporary inhibition or 
paralysis. 

Initial Cry: From the reiterated shouts, shrieks and groans during 
sham emotional automatism to a single protracted and_ inarticulate 
vocalization known as the initial cry—clamor quasi boatus aut mugitus 
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(Boerhaave )—there may be observed all degrees of transition. This 
vocalization is not always initial, for it may occur after the patient has 
passed through several stages of the seizure. Although more often 
absent than present (Gowers), when it does occur it usually marks the 
onset of a severe seizure. This inarticulate vocalization possesses an 
unmistakable emotional quality expressive either of weird horror or of 
the excruciating pain of a man in torture. It is always associated with 
intense and widespread sympathetic stimulation—dilatation of the pupils, 
protrusion of the eyeballs, bristling of hair and muscular spasm. The 
patient often before falling clenches his hands in a forceful grip on 
nearby objects. These clinical features suggest that the initial cry of 
epilepsy is not merely the result of muscular spasm of the vocal cords 
through which air is forced by contraction of the muscles of expiration, 
as is sometimes stated, but is rather a coordinated phonetic reaction of 
relatively high subcortical (diencephalic) integration. As the spasm 
waxes the initial cry becomes a rattling grunt (such as may be produced 
on a cadaver). The epileptic cry has a close analogy with the so-called 
chloroform cry, hydrocephalic cry and meningitis cry; it also resembles 
the characteristic cry associated with widespread sympathetic reaction 
to pain, such as may be induced by stimulation of the hypothalamus in 
experimental animals in which the cerebral hemispheres, including the 
striatum, are removed (hypothalamic cry).'° 

Attack of Grand Mal.—The term grand mal should be strictly reserved 
to denote a seizure of utmost severity, consisting of generalized tonic 
extensor spasm of the whole body, followed by clonic convulsions. 
However, a severe epileptic seizure may consist of tonic spasms without 
clonic convulsions, or clonic convulsions may be predominant and may 
not only follow but precede the tonic spasm. Moreover, a severe seizure 
may consist of motor reactions other than the classic tonic-clonic con- 
vulsions. It may consist, for example, of tonic spasms of irregular 
distribution, with twisting movements in the trunk, extremities and face, 
which properly should be called contortions rather than convulsions. 
Here belong also conjugate deviation of the head and eyes and certain 
patterned postural reactions which may be acquired by the body and 
extremities during the attack and may precede the clonic convulsions 
or may constitute the whole attack. 

Contortions (Postural or Dystonic Phase): An absence of con- 
sciousness or an attack of petit mal may precede the contortions, or the 
contortions may follow the phenomenon of psychomotor automatism 
developing gradually or suddenly from the attack of petit mal. The 


12. (a) Bard, Philip: A Diencephalic Mechanism for the Expression of Rage 
with Special Reference to the Sympathetic Nervous System, Am. J. Physiol. 84: 
490, 1928. (b) Karplus, I. P.: Ueber die Empfindlichkeit des Hypothalamus, 
Wien. klin. Wehnschr. 43:622, 1930. 
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patient tumbles or sags to the ground; his face is distorted by grimaces; 
the eyeballs roll in the orbits, and the trunk and extremities are twisted, 
sometimes in most unnatural attitudes. The spasm in various muscle 
groups is of irregular distribution and is mobile. Although it may affect 
both agonist and antagonist muscles of a segment simultaneously, mus- 
cular tension gradually waxes in muscles of one synergic group, and, 
as a result, slow creeping, struggling movements appear in the face, 
neck, trunk and extremities. As the position of the contorted, twisted 
extremities slowly changes, there may occur sudden contractions in 
muscles of one or another synergic group and sudden relaxations of 
their antagonists, with resulting jerks of the extremity and changes 
in the position of the body. The patient writhes on the ground; the 
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Fig. 2—Drawings showing a series of dystonic contortions during a grand mal 
seizure. The torsion of the head, trunk and extremities, the predominance of 
flexion-pronation of the forearms and wrists, the inward rotation of the ankles and 
the extensor spasm of the big toes are shown. 


bony prominences of the head, elbows, knees and heels strike against 
the ground or near-by objects, often hard enough to cause bruises and 
abrasions. If the attack occurs while the patient is in bed he may be 
thrown from the bed by the contortions. 


The drawings shown in figure 2, made from the observation of such 
attacks, illustrate various attitudes of the body and postures of the 
extremities which may be acquired during the paroxysm of dystonic 
contortions. As will be seen from these drawings, certain crude postural 
patterns predominate. Thus, flexion and rotation of the trunk, retraction 
of the head, pronation-flexion of the forearm and wrist, extension 
spasm of the big toe and inward rotation of the feet appear to be 
especially common. 
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The contortions, as described in this section, may intermingle with 
phenomena of psychomotor automatism. During some attacks, while 
parts of the body may be affected by severe tonic spasm and become 
twisted in the various postures already described, another part may 
keep on performing coordinated, seemingly purposeful movement, such 
as grasping or groping. 

Erectness, locomotion and body equilibrium, which are usually pre- 
served during the phase of psychomotor automatism, become abolished 
during the phase of contortion. The patient falls and, in fact, is some- 
times actually thrown on the ground by torsion of the trunk and spasm 
in the lower extremities. At the onset of contortions there is often a 
ioud groan or initial cry. More or less articulate vocalizations, repeated 
over and over, such as were described in attacks of psychomotor autom- 
atism are, however, absent during the contortive phase. One hears 
only occasional gasps and grunts, when the throat and thorax (dia- 
phragm?) are seized with spasms. Repetition, rhythm or synchronism 
is not in the disorderly writhing movements of the patient. Coordinated, 
purposively adapted or quasivoluntary movements are not recognizable. 
On the contrary, the slow, mobile, tonic spasm of irregular distribution, 
with resulting torsion of the trunk, twisting of the neck and extremities, 
decerebrate attitudes of the hands and feet, contortions of facial muscles 
(grimaces ), pursing of the lips, clacking movements of the tongue and 
mechanical gasps and grunts, observed during an attack of this type, 
are like the involuntary movements of so-called extrapyramidal hyper- 
kinetic syndromes, such as double athetosis, Wilson’s disease and, 
especially, torsion spasm (dystonia). In many cases of dystonic syn- 
drome associated with epileptic attacks, the movements during a con- 
vulsion appear as though they were an exacerbation of the involuntary 
dystonic spasms of the body and extremities which are observed during 
the same patient’s conscious state. This has been pointed out by 
Krisch.1* One of several personal observations illustrating the same 
point may be reported. 

Case 14—Edgar E., aged 16, whose mother had syphilis, was born at full 
term, without instruments. He did not walk or talk until 3 years of age. At 
this age the parents noticed that “one side was stiffer than the other.” He always 
drooled, and his speech was not clear. He was considered mentally retarded. At 
the age of 7 years he began to have attacks of petit mal; later the attacks 
became associated with psychomotor automatism. He stamped his feet and 
rubbed his hands; his face turned pale; his eyes rolled, and he shook his arms 
back and forth, shouting. After the age of 10 seizures of grand mal began to 
occur, usually preceded by sham emotional automatism. 


13. Krisch, H.: Die “epileptischen motorischen Varianten,” und ihre Bezie- 
hungen zu den exogenen Hyperkinesen sowie dem extrapyramidalen Symptomen- 
komplex, Monatschr. f. Psychiat. u. Neurol. 55:265, 1923-1924. 
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Neurologic examination: Physically the boy was well developed and appeared 
unusually muscular. He had masklike facies, with the mouth half open, drooling 
and dysarthric speech. There were spontaneous laughing and crying. Smiling 
was more expressive on the right side of the face. A mobile spasm was present 
in the arms, legs and muscles of the trunk. On walking the trunk became 
rotated and bent to the left; he leaned to the left; the left arm was extended, 
adducted and pronated, with the hand in front of the pubis, while the right arm 
was extended, pronated and abducted backward; the wrists were forcefully flexed, 
and the fingers were flexed on the palm. The gait was unsteady and interrupted 
by starts and jerks of the whole body. When the patient was placed in bed he 
became relaxed, and passive movements showed no rigidity; however, on the 
least attempt at voluntary motion intention spasm developed in the trunk and 
extremities, with grimacing. The tendon reflexes were exaggerated, more on 
the left; the abdominal reflexes were present; an extensor response, with fanning 
of the toes, was elicited bilaterally. 

Seizure: During an examination the patient suddenly mumbled an inarticulate 
word, which the nurse understood to be “spell.” His face became pale, and 
the eyes were wide open, with dilatation of the pupils; he stamped his feet and 
clapped his hands alternately in front and in back of his body; then suddenly the 
head became retracted and drawn to the left; the trunk bent sidewise; the arms 
were extended, one in front of and the other behind the body; he began to 
sag and was caught and let down on the floor. The head and eyes were drawn 
to the right. This was followed by slow extension of the right leg and extension 
with abduction of the right arm, while the left leg and arm were flexed and 
drawn on the trunk. The patient suddenly relaxed and the arms and legs became 
limp. He regained his senses, was unsteady on his feet and had to be helped 
to bed. 


In this case the seizure represented an extreme paroxysmal exacer- 
bation of torsion spasm. 

Save for occasional twitchings and sudden jerks, truly convulsive, 
that is, clonic, contractions are not in evidence during the essentially 
tonic, spastic movements of the body and extremities which characterize 
a fit of contortions. The clonic spasms, however, may, and often do, 
develop in the further course of the seizure. Relaxation of contracted 
muscular groups may supervene suddenly, and the patient may recover 
his senses more or less promptly, or there may be a series of clonic 
contractions in the isolated muscular groups affected by the spasm. 

Conjugate Deviation of the Head and Eves and Other Postural 
Reactions: Whether the seizure of grand mal develops suddenly or 
progressively, the classic tonic-clonic stage often begins with the phe- 
nomenon of conjugate deviation of the head and eyes. The phenomenon 
may follow or may develop in the midst of the dystonic contortions. 
There occurs slow rotation of the head to one side, with deviation of 
the eyes to the same side. Eventually the chin is set against the 
shoulder; the eyeballs are drawn to the extreme of their lateral excur- 
sion, and the face is contracted on the same or on the opposite side. 
After this there may occur a few nystagmoid movements of the eyeballs, 


YAKOVLEV—EPILEPTIC SEIZURES 537 


and the patient may roll his eyes toward the opposite side. The latter 
phenomenon may be termed secondary deviation of the eyes (fig. 3). 

Together with the conjugate deviation of the head and eyes, the 
extremities may acquire a characteristic postural pattern; if the head 
was rotated, for instance, toward the right shoulder, the extremities of 
the opposite side (left) are slowly brought into flexion and abducted, 
while the extremities of the same side (right) are extended and some- 
what adducted (fig. 4). In the instance of Francis B. (case 10) the 
seizure of grand mal, as it develops after an attack of petit mal and 
psychomotor automatism, proceeded as follows: 


Case 15.—Francis B. (the same patient as in case 10), had a major seizure after 
the sham emotional automatism already described. As he was pushed onto the 
bed his head rotated to the right, and the eyeballs deviated to the same side, while 
the left side of the face became contracted and the mouth drawn to the left; the 
muscles of the face twitched; then there was nystagmus; the eyeballs deviated 
to the left, while the head remained rotated to the right shoulder. At the same 
time, the left arm became raised, adducted on the chest and flexed in the elbow, 


Fig. 3—Drawings showing (4) conjugate deviation of the head and eyes, and 


(B) secondary deviation of the eyes. 


with the forearm pronated and the wrist flexed and held over the head; the left 
leg was abducted in the hip and flexed in the knee, the foot being rotated inward 
and in plantar flexion. Whereas the right arm and right leg became rotated 
inward, the wrist and ankle were flexed. As the spasm waxed, the head was drawn 
more and more backward and retracted on the midline, while the upper and 
lower extremities on both sides became extended and inwardly rotated and drawn 
in front of the body, with the fists in apposition; the legs were slightly flexed at 
the knee, and the heels were detached from the bed; then fine generalized 
tremors spread over the body; the tremors became more ample and coarser and 
developed into clonic contractions; the intervals between each clonic contraction 
grew longer, and the patient began to snort and then relaxed. Passive movements 
of the extremities showed slight residual resistance, which promptly waned. He 
became limp, as though lifeless; he sweated profusely and micturated. The pupils 
were dilated and rigid; the tendon reflexes were abolished, and the plantar reflex 
was not elicited. The tonic postural reflex of the ankles was abolished. A few 
moments later the knee jerk appeared first, while plantar stimulation still provoked 
no response. Gradually respiration became more regular; the pupils contracted, 
and the patient appeared to be in a deep sleep. Pinching the ankle provoked 
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flexion withdrawal of the stimulated extremity, and the patient groaned, apparently 
sensitive to pain. Plantar stimulation caused an extensor response of the big toe. 
In from ten to fifteen minutes he awoke, although he was drowsy. The tendon 
reflexes were exaggerated; the plantar response became flexor, and the Pupils 
reacted to light. 


The postural arrangement of the head and extremities, as described 
in this instance, is one of the most constant paroxysmal phenomena of 
the grand mal seizure, usually preceding the tonic-clonic stage. The 
flexion of “occipital” with the extension of “maxillary” extremities may 
be more or less evident ; however, on examination of the distribution of 
muscular spasm in the flexors and extensors during this stage, one may 
observe that the resistance to passive movements is greater in flexors 
of the “occipital” and in extensors of the “maxillary” elbow and knee 
than in their respective antagonists. It appears that these postural 


reactions of the extremities are the integral part of the phenomenon 


Fig. 4—Drawing showing the arrangement of the extremities on rotation of the 
head to the right: flexion of the occipital arm and leg and extension of the maxillary 
arm and leg. Pronation of the forearms, flexion of the wrists and extensor spasm 
of the big toe on the right are evident. 


of the rotation of the head and eyes; they occur when the rotation 
takes place, and if, during the same seizure, after secondary deviation 
of the eyes the head follows—that is, rotates from one shoulder to the 
opposite shoulder—the posture of the extremities becomes rearranged 
accordingly. The following observation demonstrates such a sequence 
of phenomena: 


Case 16.—Joseph K., aged 15, had had epilepsy since early childhood. At the 
time of observation, he had been in status epilepticus for several hours. Seizures 
occurred every ten or fifteen minutes. The seizure began with a groan and 
conjugate deviation to the right, first of the eyes and then of the head. The 
right arm and right leg became extended and inwardly rotated, while the left arm 
and left leg were flexed and drawn on the trunk. Then the eyeballs slowly 
deviated from right to left, and the head promptly followed. The left leg and 
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the left arm, from a flexed position on the chest, slowly became extended, while 
the right leg and right arm became flexed on the trunk. At this point relaxation 
supervened, and the boy lay on his back in the positon in which the spasm left 
him. With each recurrent seizure the same sequence of events was observed. 


The identity of these postural reactions with the effect on the extrem- 
ities of the tonic neck described by Magnus and de Kleijn observed 
in the syndrome of decerebrate rigidity is unmistakable." 

The postural reactions of the extremities do not always follow the 
principle of occipital flexion and maxillary extension; there may occur 
either complete reversal of this pattern or crossed flexion and extension 
of the contralateral arm and leg, reproducing postural patterns resem- 
bling those experimentally obtained by Graham Brown on stimulation 
of the caudal end of the cross-section of the midbrain in animals.?° 

Other postural reactions may be observed during a seizure of grand 
mal. The conjugate deviation of the head is usually associated with 
marked rotation of the trunk to the same side. This rotation may be 
prominent and sustained, the patient rolling over and over. Rolling 
movements around the transverse axis of the body are observed. These 
postural reactions resemble the forced movements which may be 
experimentally produced by stimulation and lesion of the tegmentum 
(Muskens). 

Generalized Postural Reactions (tonic phase): After the conjugate 
deviation of the head, with postural reactions of the extremities, mus- 
cular relaxation may supervene either suddenly or after a series of clonic 
contractions, and the patient recovers his senses. If the seizure is not 
aborted at this stage, however, the final stage of the seizure develops. 
The whole skeletal musculature becomes contracted in a sustained spasm 
of the utmost intensity. The head is usually retracted by extension of 
the neck and drawn forward by contraction of the scalenus muscles ; 
the face is contracted; the teeth are set and the lips pursed or drawn 
around the dental arcades in a sardonic grin. Opisthotonic or empros- 
thotonic posture of the trunk may prevail; however, the latter seems 
to be more typical (fig. 5.4). Both arms and legs are adducted and 
pronated; the wrists are strongly flexed and sometimes crossed in 
front of the body; the ankles are extended, the toes pointing down, 
while the big toe may be extended dorsally. The arms may be flexed 
on the chest, while the wrists are strongly flexed and pronated and 


14. Jonkhoff, D. J.: Een geval van halsreflexen van Magnus en de Klein bij 
een mensch en hoor belangrejkheid voor de prognose, Nederl. tijdschr. v. geneesk. 
64:307, 1920. 

15. Graham Brown, T.: Tonic Responses from the Mid-Brain, Proc. Internat. 
Neurol. Cong.. 1931, p. 94, 
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drawn under the chin (fig. 54). The hips and ankles may be flexed 
and the heels raised from the ground. During this stage of the seizure 
rigidity is such that passive flexion of the hip, knee or ankle may be 
impossible. However if in this stage the unconscious patient is lifted 
by the observer into an erect position, the posture of the lower extremi- 
ties may become automatically so rearranged as to reenforce the stand- 
ing; e. g., the feet, hitherto extended at the ankles, become flexed and 
the soles set fully on the ground from heel to toes (fig. 6). The patient 
stands erect so long as the tonic phase lasts and so long as the general 
postural reflexes (righting reflexes), which are in abeyance at this stage 
of the seizure, are compensated by the least external support, such as 
holding the patient by a buttonhole. Righting reflexes are not elicitable: 


if left alone the patient falls “rigid as a log.” In some cases the whole 
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Fig. 5.—Drawings showing (A) the tonic phase of a grand mal seizure, illus- 
trating an extensor spasm, and (B) the variant of the tonic phase, with flexion- 
pronation of the arms and slight flexion of the knees. 


posture of the body is one of reenforced standing, like that of a man 
standing on a surf-board. The condition of the patient during the 
fully developed tonic phase resembles in all essential features that of 
decerebrate rigidity. This observation has been made by several authors. 

Clonic Convulsions (Clonic Phase): After the tonic phase the mus- 
cular spasm may suddenly subside, and, save for a few occasional 
twitchings of isolated muscular groups, the whole body becomes relaxed. 
However, usually at the height of the generalized tonic spasm, a fine 
tremor, resembling shivering of the whole body, develops; the tremor 
grows coarser, increases in amplitude, slows in rate and becomes clonus. 
The clonic contractions gradually increase in amplitude and slow in rate 
in their turn and finally end, leaving the patient in complete relaxation. 
These are true conclusions—that is, a series of sudden muscular con- 
tractions, followed by intervals of relaxation. The clonic contractions 
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of the head, trunk and extremities are synchronous and symmetrical 
on the two sides. In the slower and more ample final contractions, each 
clonic spasm is a momentary return of the trunk and extremities to 
the extensor rigidity of the tonic stage. This is well shown when clonus 
supervenes during the test of the upright position. At each relaxation 
the patient sinks on his knees; at each contraction the knees and trunk 
become extended, and he hops up and down, each time sinking lower 
and lower, until he crumples to the ground. 


Fig. 6—Drawing showing the standing posture when the patient is placed 
upright during the tonic phase. The posture of the feet should be compared with 
that illustrated in figures 5 4 and B. 


It has been observed by Hughlings Jackson * and Gowers! that 
when the tonic spasm sets in or ends suddenly the clonic contractions 
are not in evidence, but if the tonic spasm subsides slowly, it does 
so by graded steps, and clonus supervenes. 

In support of the clinical observations, the electromyographic records 
made by Cobb *® showed that voluntary and convulsive muscular con- 
tractions and reflex postural and phasic contractions are all tetanic; 
that is, they result from a sustained series of rapid nerve impulses 
which in tonic contractions come steadily and in clonic contractions, 


16. Cobb, Stanley: Electromyographic Studies of Experimental Convulsions, 


Brain 47:70 (Feb.) 1924 
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in showers. In fact “tonic” is too vague a word to have any scientific 
significance, and in this connection it should be replaced by “postural. 

Thus, it appears that the clonic phase of the seizure of grand mal 
is merely an epiphenomenon of the tonic phase, the difference being one 
of continuity of muscular contraction rather than of difference in the 
level of innervation.’ 

Postparoxysmal Prostration (Coma): With the cessation of con- 
vulsions and resolution of muscular tension the patient is unconscious, 
The pulse, rapid at first, gradually slows and is often irregular; sinus 
arrhythmia, auricular fibrillation and other abnormalities of the rhythm 
and rate of cardiac contraction have been described. Respiration is 
stertorous, with emphasis on expiration; breathing may be of the 
Cheyne-Stokes or Kussmaul type. The face is congested and still 
livid; profuse sweat covers the forehead, face and neck; the lips are 
cyanosed and flecked with bloody foam; saliva runs from the corner 
of the mouth. There is profound abatement of postural tone of the 
skeletal musculature; if an arm or leg is lifted and then released it 
drops heavily, as in a state of flaccid paralysis ; the reaction of antagonist 
muscles (e. g., contraction of the hamstring muscles on passive exten- 
sion of the leg) is abolished; the reaction of adaptation and fixation 
is not elicitable, even in the segments of the extremities in which these 
reactions are usually most conspicuous; on passive flexion of the fore- 
arm, shortening of the biceps muscle and lengthening of the triceps 
muscle are not evident (as they normally are); also, after passive 
dorsiflexion-pronation of the ankle the shortening of the tibialis anterior 
muscle is not elicitable, and after the foot is abruptly released the 
momentary fixation of the ankle joint in dorsal flexion does not occur 
(as it normally does). The pupils are rigid and neither contract to 
light nor dilate to pain. Both the tendon and the superficial reflexes 
are absent. On pinching the ankle there is no muscular contraction 
in the leg nor any reflex flexion withdrawal. Clonus of the foot cannot 
be induced. As shown by Gibbs, Davis and Lennox, the electrical 
activity in the brain in this stage is profoundly reduced. All the 
reflex exterofective (cerebrospinal) reactions are abolished. Only the 
introfective (autonomic) functions, e. g., circulation, respiration and 
secretions, remain in evidence. The patient, as Hughlings Jackson 
said, “is almost killed by the paroxysm and is nearly dead (deeply coma- 
tose) after it.” Sometimes a severe epileptic seizure, especially during 


17. Cobb, Stanley, and Wolff, H. G.: Muscle Tonus: A Critical Review Based 
on Work Presented at the International Neurological Congress, Bern, Switzerland, 
1931, Arch. Neurol. & Psychiat. 28:661 (Sept.) 1932. 
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status epilepticus, may lead to a general collapse so profound that respira- 
tion may cease, the pulse may become imperceptible and the patient 
may die. However, death during convulsions is rare. 

Building Up the Epileptic Seizure: In some cases epilepsy begins 
from the outset with severe convulsions of a classic grand mal type; in 
others the first attacks to appear are those of absence of consciousness 
and petit mal. Later, the attacks become more severe. The attacks 
of petit mal begin to be followed by those of sham emotional autom- 
atism; still later, these seizures may end in contortions, without true 
convulsions, and eventually major seizures occur and grow more severe, 
leading to a more profound comatose state, followed by a more pro- 
tracted and less complete recovery of physical and mental faculties. 
The effects of seizures become cumulative and aggravate the progressive 
deterioration of the patient. This drawn-out process of the building up 
of epileptic seizures was noted by older authors (Reynolds, Jackson and 
Gowers). Each seizure appears to facilitate the spread of the discharge 
over a wider area of the nervous system and involves deeper neural 
levels, leading to a more profound dissolution of function and leaving 
a damage of function which potentially may be beyond repair. The 
same process may be seen as though foreshortened in the evolution of 
a seizure. A seizure may begin as petit mal, promptly followed by 
sham emotional automatism. This may transgress into dystonic con- 
tortions, and all may end in the generalized tonic-clonic convulsion 
typical of grand mal. Such an evolution of an attack, which reproduces 
all the clinical gradations of the seizure unfolding in succession, may 
be called a retarded fit. On the other hand, the introductory phase, 
loss of consciousness and changes in muscular tension may develop 
almost instantly, culminating at once (Jackson) in a generalized major 
seizure. This may be called a precipitous fit; between these two 
extremes there are all degrees of transition in the time and rate of 
development of the paroxysmal disturbances. This shows that the 
difference between various types of epileptic seizures is one not of the 
kind of mechanism but of the time and rate of development and of 
the depth of the disturbance in nervous function. 

In summing up the observations presented in this paper, the fol- 
lowing conclusions may be drawn: 

The dissociation in time and rate (diaspasis) between the activity 
of the sympathetic and that of the parasympathetic division of the 
autonomic system leads potentially to the prevalence of the catabolic 
over the anabolic phase of energy metabolism in the nervous system. 
The effect of this disturbance is twofold: On one hand, the catabolic 
release of energy out of relation in time and out of proportion in rate 
to the anabolic restitution of energy in the nerve cells leads to a dis- 
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charge of energy through the inordinate activity of the effector organs 
of the cerebrospinal nervous system (skeletal musculature). On the 
other hand, the same dissociation in time and rate between the catabolic 
and the anabolic phase of energy metabolism in the nerve cells leads 
to the dissociation in time and rate of excitatory and inhibitory impulses 
at the synapses between the nerve cells, with a resulting prolonged 
refractory state of the cells, as in shock or diaschisis.'* In other words, 
there occurs a loosening of nexus between the internuncial neurons, with 
resulting dissolution of cerebrospinal functions. The greater the number 
of internuncial neurons interpolated between the cells of the afferent 
and those of the efferent root (on which “as on two pillars, the whole 
edifice of the central nervous system is reared,’)*® i. e., the higher the 
level of integration of cerebrospinal functions, the less stable is the 
adjustment in time and rate of excitatory and inhibitory impulses at 
this level.2°. The diaspasis in energy metabolism of the nerve cells 
leads to diaschisis of function at this higher level more readily than 
at any lower level. Thus, the dissolution of cerebrospinal functions 
during the epileptic seizure tends to spread from higher to lower 
functional levels, i. e., downward along the neuraxis, as does the effect 
of shock. The discharge of energy and the dissolution of function 
are simultaneous. While the cortical functions are abrogated (distur- 
bance of consciousness) the subcortical functions may be discharged 
in the form of automatic, incoherent reactions of a low level of 
integration. Eventually, all the cerebrospinal (exterofective) functions 
may be abrogated—the patient is in a state of comatose insensibility ; 
there appears to take place in the central nervous system a temporary 
state of complete block of transsynaptic impulses between the extero- 
ceptive and proprioceptive surfaces of the body and the final common 
path to the effector organs. 


PHASE OF RECOVERY 
The phase of recovery after an epileptic attack is essentially an 
anabolic phase,’ characterized by the predominance of the energy- 
restoring activity of the parasympathetic system and by the subsequent 
recovery of the cerebrospinal functions lost during the seizure. 
Parasympathetic Stimulation—Already, at the termination of the 
seizure proper, the sympathetic effects begin to subside, and symptoms 


18. von Monakow, C.: Gehirnpathologie, in Nothnagel, C. W. H.: Spezielle 
Pathologie und Therapie, Vienna, Alfred Holder, 1905, vol. 9, pt. 1, footnote 9. 

19. Sherrington, Charles S.: The Integrative Action of the Nervous System, 
New York, Charles Scribner’s Sons, 1906. 

20. Pavlov, Ivan P.: Conditioned Reflexes: An Investigation of the Physio- 
logical Activity of the Cerebral Cortex, translated by G. V. Anrep, New York, 
Oxford University Press, 1927. Sherrington.1° Jackson.4 
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of stimulation of both the cranial and the sacral division of the 
parasympathetic become evident. The emptying of bodily reservoirs 
(bladder and rectum) often marks the end of the epileptic discharge 
and the beginning of the phase of recovery. Convulsions cease; there 
are contractions of pupils, increase in salivation, slowing of pulse and 
respiration, dilatation of superficial blood vessels, profuse sweating and 
fall of blood pressure and temperature. Gradually the patient passes 
into a state of profound sleep—an anabolic state characterized by 
stimulation of the energy-restoring parasympathetic system and inhibi- 
tion of the energy-releasing sympathetic and of the energy-consuming 
cerebrospinal system. The period of sleep after an epileptic seizure 
is a characteristic postparoxysmal phenomenon and is rarely missing. 
Clinical observation shows that sleep is not necessarily the consequence 
of a seizure which was severe. It is nearly as often observed after mild 
epileptic attacks unattended by muscular activity and may follow an 
abortive attack without loss of consciousness. 

Eventually the patient awakens and regains consciousness; there 
may follow a period of so-called twilight state, during which his mental 
faculties are still clouded; he often complains of headaches, a feeling 
of general fatigue, lameness, drowsiness, uncontrollable yawning, exces- 
sive salivation, nausea or sometimes vomiting or diuresis. 

Recovery of Cerebrospinal Functions —The process of recovery of 
cerebrospinal reactions, lost during a severe epileptic seizure, may 
schematically be divided into three overlapping periods: coma, sleep 
and twilight state. 

In the period of coma there is recovery of tendon reflexes (if they 
were lost) and of the plantar response, and ankle clonus appears. 
Tendon reflexes may be regarded as the first sign of recovery of the 
elementary myotatic response. The knee jerk is particularly suitable 
for observation; at first weak, it may finally become exaggerated. 
Recovery of the plantar response follows that of the knee jerk. After 
the period of plantar areflexia there is a slight extensor movement of 
the toe, and eventually a classic Babinski sign of the big toe appears. 
Of other cutaneous reflexes, the cremasteric may be elicited during 
the extensor period of the plantar response, but the abdominal reflexes 
usually remain absent until the plantar flexor response is reestablished. 
With the recovery of tendon reflexes and of plantar extensor response 
foot clonus becomes elicitable. 

In the period of postparoxysmal sleep the patient becomes responsive 
to external stimulation, and reflexes of defense appear and increase. 
Crossed flexion-extension movements of the legs sometimes become 
elicitable. In this period the pupils, though contracted and rigid to 
light, may begin to react to light if the patient is aroused. The 
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musculature remains relaxed, and the postural reflexes are absent, 
Eventually, however, and often while the patient is yet asleep, the 
tibialis phenomenon appears, and as this local postural reflex increases 
foot clonus becomes blocked and is no longer elicitable.*! The righting 
(general postural) reflexes are still abolished. 

In the period of twilight state the patient, though awake, is not 
fully aware of his environment; he is drowsy and confused. The 
plantar response may persist as extensor for hours. The local postural 
reflexes (tibial phenomenon) often become exaggerated, and the general 
postural reflexes (righting reaction) are recovered; if pushed off the 


bed the patient makes a more or less successful attempt at righting the 
body. The recovery of postural reactions is usually coincident with 


the recovery of the pupillary reactions to light and in accommodation 
and precedes recovery of consciousness. [Eventually consciousness is 
recovered, and the patient appears in full possession of his mental 
faculties. 

The sequence of recovery of various cerebrospinal reactions is 
diagrammatically summarized in the following tabulation. In this 
summary 0 indicates that the reaction is abolished; +, that it is 
present; ++, that it is exaggerated, and + that the plantar response 
is equivocal. 


State of Coma State of Sleep Twilight State 

Cerebrospinal Reaction - A 
Plantar extensor response 0 0 + 0 0 
Flexion withdrawal of leg. . 0 0 0 0 \ 0 
Pupillary light reflex....... 0 0 0 0 0 
Tibialis phenomenon........ 0 0 0 0 0 0 
Righting reactions........... =r 0 0 0 0 0 0 0 
Plantar flexor response ; 0 0 0 0 0 0 + 


On recovery of consciousness, erectness and locomotion, — the 
patient often presents a characteristic clinical picture. The face is 
unexpressive ; there is tremor of the lips and hands; the gait is unsteady ; 
movements are slow and hesitating; there may be a negativistic resis- 
tance to passive movements, with a tendency to catatonic perseveration 
of posture, and often genuine muscular rigidity, with cogwheel phenom- 
ena and other intrinsic signs of increased muscular tension, are observed. 

Moreover, monoplegia, hemiplegia, cerebellar disturbance, central 
ocular palsy, aphasia and mental disturbance, usually regressive but 
occasionally permanent, may follow an epileptic seizure. Here, how- 
ever, one touches on another and different category of epileptic dis- 
turbances—that of postparoxysmal residual phenomena, discussion of 
which is not included in the present study. 


21. The antagonism between these two reactions is a common clinical observa- 
tion. They appear to be physiologically incompatible. 
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From study of the phase of recovery it appears that after the 
widespread stimulation of the catabolic sympathetic system, with result- 
ing discharge of energy and dissolution (diaschisis) of cerebrospinal 
functions “downward,” there occurs eventually a compensatory stimula- 
tion of the parasympathetic system, which gradually leads to restitution 
of balance in the energy metabolism and recovery of cerebrospinal 
functions from the effects of shock in an ascending order. ‘The lower 
functions (myotatic reflexes), which are the last and the least affected 
by the neurovegetative diaspasis, recover first, while the higher nervous 
functions (conditioned reflex reactions and consciousness), the first 
and the most affected by the disturbance of energy metabolism, recover 
last. 

In summing up the results of the study of the time relationship 
between various categories of symptoms in the course of an epileptic 
seizure, it appears that the evolution of the epileptic seizure represents 
a self-limited cycle of physiologic disturbances. The cycle begins with 
dissociation in the time and rate of functions in the sphere of vegeta- 
tive (interofective) innervation and dissolution of homeostasis (dia- 
spasis). This phase of the cycle is followed by prevalence of the 
sympathetic (catabolic) effects over the parasympathetic effects, with 
discharge of energy and dissolution of functions in the sphere of cere- 
brospinal (exterofective) innervation (diaschisis). The cycle is closed 
by the stimulation of the parasympathetic (anabolic) system, with 
restitution of the balance in energy metabolism and subsequent recovery 
of cerebrospinal functions.** 

The cyclic sequence of physiologic events and the relationship in 
time and rate between the disturbances in the sphere of interofective 
innervation and the disturbances in the sphere of exterofective inner- 
vation may be schematically represented in the form of a diagram 
(fig. 7). 

The abscissas of this table represent the time, and the ordinates, the rate 
of paroxysmal phenomena during the evolution of a major epileptic seizure. The 
three phases of the evolution of the seizure are represented in three vertical 
columns from left to right—the introductory phase, the phase of the seizure 
proper and the phase of recovery; the fourth column (extreme right) represents 
the period of postparoxysmal residual phenomena. Consciousness is preserved 
during the introductory phase; it is lost and the state of unconsciousness is 
nonreversible during the phase of the seizure proper, and the state of uncon- 
sciousness becomes reversible (sleep) during the phase of recovery. 

In diagram A (neurovegetative diaspasis) the curve drawn as a continuous 
line represents the sympathetic effects, and the dotted curve, the parasympathetic 
effects. In B (cerebrospinal diaschisis) the curve represents changes of muscular 


tension, the dissolution of cerebrospinal functions and their recovery being 


22. Designated as syneidesis by von Monakow.® 
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described along the course of the curve. In each diagram above the horizontal 
line the positive symptoms (discharge) are designated by +, while below the line 
the negative symptoms (deficit of function) are shown by —. Both the diagrams 
and their respective curves are drawn to the same scale to show that the movement 
of all three curves represents the movement in time and rate of interdependent 
functions (sympathetic, parasympathetic and cerebrospinal). 


In this diagram the retarded major seizure was considered, such 
an attack being most representative of the evolution of the epileptic 
paroxysmal disturbances ; nevertheless, it is suggested that this diagram 
portrays the cycle of physiologic events present in all epileptic attacks. 
In each particular phase (petit mal, sham emotional attack, attack of 
dystonic contortions, etc.), the movements of the three curves for time 
(scale of abscissas) and of those for rate (scale of ordinates) may 
vary ad infinitum; however, for the sign (+ or —) all three curves 
will vary simultaneously following the same sequences of changes; the 
cycle will thus remain constant. 


CENTRAL MECHANISM OF EPILEPTIC SEIZURES 

Several authors have advanced the hypothesis of the hypothalamic 
origin of various paroxysmal disturbances associated with epilepsy. 
Thus, Muller ?° stated: 

The epileptic seizure is always associated with functional disturbances in 
the vegetative nervous system. The rigidity of pupils, pallor of the face followed 
by cyanosis, salivation, profuse sweating, involuntary micturition, ejaculation, 
postparoxysmal fever, and, eventually, the transition of the epileptic seizure into 
a state of deep sleep, all these phenomena must be attributed to the functional 
disturbances in the vegetative centers of the inter-brain and midbrain. The 
epileptic fit, with its lightning-like onset, develops as a storm in the vegetative 
centers at the base of the brain. 


Frisch * pointed out that the vegetative symptoms of the epileptic 
seizure are throughout of central origin; they are “symptomatic mani- 
festations of the epileptic discharge spreading over the basal vegetative 
centers, and as such they are analogous to the cortical and subcortical 
motor reactions.” Wilson® suggested that the “visceral variants” of 
epileptic attacks may represent a disturbance in the vegetative centers 
of the third ventricle and the floor of the fourth ventricle. Morgan,?* 
on the grounds of experimental and anatomic studies, suggested that 
the chronic degenerative changes observed by him in the hypothalamic 

23. Morgan, Lawrence O.: The Nuclei of the Region of the Tuber Cinereum: 
Degenerative Changes in Cases of Epilepsy, with a Discussion of Their Significance, 
Arch. Neurol. & Psychiat. 24:267 (Aug.) 1930. Morgan, Lawrence O., and John 
son, Clarence A.: Experimental Lesions in the Tuber Cinereum in the Dog Fol- 
lowed by Epileptiform Convulsions and Changes in the Blood Chemistry, Arch 
Neurol. & Psychiat. 24:696 (Oct.) 1930. 
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nuclei in cases of chronic epilepsy may be responsible for the distur- 
bances of neurohormonal vegetative functions, bringing about the loss 
of consciousness, convulsions and other symptoms of epilepsy. 
Salmon ** emphasized the essentially neurovegetative nature of the dis- 
turbances introductory to an epileptic seizue and advanced the hypoth- 
esis that the disturbances of the infundibulopituitary neurohormonal 
apparatus play a foremost role in the predisposition to and initiation of 
the epileptic discharge. His main arguments were as follows: Demole 
showed that the injection of calcium into the region of the tuber 
cinereum brings about a state of muscular relaxation and sleep, while 
injection of potassium causes motor agitation and convulsions; Cyon 
and Horsley showed that electrical stimulation of the hypophysial 
region induces convulsions; Muller and Hogner demonstrated that 
generalized tonic convulsions may be induced by a sudden increase of 
pressure in the third ventricle; it is generally known that epileptic 
seizures subside under the influence of phenobarbital, chloral hydrate 
and like drugs, which possess an elective pharmacodynamic effect on 
the hypothalamic vegetative nuclei; epileptic attacks are a more frequent 
symptom of tumor in the neighborhood of the floor of the third ven- 
tricle than of tumor in any other localization in the brain; acromegaly, 
pituitary cachexia, adiposogenital dystrophy and diabetes insipidus are 
frequently associated with epilepsy ; lack of posterior pituitary hormones 
in the cerebrospinal fluid in patients with epilepsy has been demon- 
strated by Altenburger and Stern, and degenerative changes in the 
hypophysis and in the tuber cinereum are frequently observed at 
autopsy. 

All these arguments, plausible as they are, do not, however, permit 
an understanding of the relationship that may exist between the possible 
disturbances of hypothalamic function and the whole aspect of the 
epileptic seizure. A hypothesis better adapted to the explanation of 
this relation would not therefore be out of place. 

The prime requirement for the physiologic integration of the organ- 
ism and the maintenance of a steady balance between the forces acting 
on it and within it is the reciprocal adjustment in time and rate of 
forces acting within the organism—the internal balance, or homeos- 
tasis. Among numerous agencies by means of which homeostasis is 
brought about and maintained, the autonomic nervous system plays 
a foremost role.2° The sympathetic division of the autonomic system 


24. Salmon, Albert: Un centre végétatif épileptogéne existe-t-il dans la région 
diencéphalique? Presse méd. 40:20, 1932. 

25. Cannon, Walter B.: The Sympathetic Division of the Autonomic System 
in Relation to Homeostasis: The Vegetative Nervous System, Baltimore, Williams 
& Wilkins Company, 1930, p. 181. 
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favors mobilization of energy from reserves in the body and increases 
the activity of the cerebrospinal nervous system (state of wakefulness, 
muscular activity and emotional vigilance). The antagonistic para- 
sympathetic division of the autonomic system favors the anabolic 
restitution of energy in the body and diminishes the activity of the 
cerebrospinal system (state of sleep, muscular relaxation and emotional 
indifference). The autonomic nervous system, controlling thus the 
energy metabolism of the body, controls also the rhythm and rate of 
the activity of the cerebrospinal nervous system, which in this sense 
may be regarded as the end-organ of the autonomic nervous system.*® 

Clinical observations indicate that during the epileptic seizure this 
autonomic regulation of the energy metabolism of the body is dis- 
turbed and dissolution of cerebrospinal functions results. 

On the other hand, the sudden onset of unconsciousness during the 
epileptic attack, the rapid recovery of the patient after the seizure, the 
repetitive occurrence in identical sequence of identical paroxysmal 
events at intervals during which no disturbance of physiologic functions 
may be apparent and the cyclic (self-limited) character of the neuro- 
vegetative and cerebrospinal disturbances during the seizure suggest 
a disturbance in the function of some discrete reflex mechanism con- 


tained within the central nervous system. One is tempted to assume 
that such a central mechanism plays on a double set of reflex arcs—one 
sympathetic, promoting the catabolic phase of the energy metabolism 
in the body, the other parasympathetic, promoting the anabolic phase. 

That such a central autonomic mechanism is represented in the 
hypothalamus and adjoining portions of the base of the brain appears 
to be supported by clinical observations and experimental evidence 
which has accumulated in recent years and is steadily growing.** It 
has been pointed out recently by Beattie and his associates ** that there 
exists in the hypothalamus two functionally distinct mechanisms repre- 
sented, respectively, by the anterior and the posterior hypothalamic com- 
plexes of nuclei and fibers, interlocked by communicating fibers but 


26. Hess, W. R.: Ueber die Wechselbeziehungen zwischen psychischen und 
vegetativen Funktionen, Schweiz. Arch. f. Neurol. u. Psychiat. 15:260, 1924; 16:36 
and 285, 1925. Altenburger, H.: Vegetative Regulation cerebrospinaler Funk- 
tionen, Ztschr. f. d. ges. Neurol. u. Psychiat. 144:338, 1933. 

27. (a) Tournay, Auguste: Les centres végétatifs du diencéphale médian: IT. 
Essai d’orientation neuro-physiologique, Rev. neurol. 1:889, 1934. (b) Roussy, G., 
and Mosinger, M.: Etude anatomique et physiologique de l’hypothalamus, ibid. 
1:848, 1934. (c) Fulton, J. F.: New Horizons in Physiology and Medicine: The 
Hypothalamus and Visceral Mechanisms, New England J. Med. 207:60, 1932. 
(d) Beattie, J.: Hypothalamic Mechanisms, Canad. M. A. J. 26:400, 1932. (e) 
Tournay, Auguste: Sémiologie du sommeil: Essai de neurologie expliquée, Paris, 
Gaston Doin & Cie, 1934. 
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having separate effector pathways. The anterior complex, through its 
efferent pathways, appears to be connected with the cranial and sacral 
divisions of the parasympathetic nervous system, while the posterior 
hypothalamic complex is connected with the thoracolumbar sympathetic 
system. The effects of stimulation of the hypothalamic vegetative 
mechanism tend to be universal; they reflect on the whole organism 
rather than on its individual parts; in other words, one or the other 
mechanism tends to give rise to mass reactions, either prevalently 
sympathetic or prevalently parasympathetic. The integrity of the vege- 
tative hypothalamic centers appears to be indispensable for the main- 
tenance of a steady state of the internal medium. For example, when 
this portion of the brain is removed, the animal becomes incapable of 
maintaining its own body temperature. There develop also grave dis- 
turbances in the energy metabolism of the body, the respiratory 
metabolism, the water content, the blood chemistry and the blood 
formula. The action of the sympathetic and the parasympathetic hypo- 
thalamic complexes appears to be antagonistic and interferential, one 
controlling the other. Destruction of one of these mechanisms tends 
to give rise to release phenomena in its respective antagonist; thus, as 
Beattie and: his associates showed, if the posterior hypothalamic mecha- 
nism is destroyed or its efferent pathways are severed, the animal 
becomes drowsy and apathetic; the temperature falls, and it is in a state 
resembling that of hibernation; on the contrary, if the anterior portion 
of the hypothalamus is destroyed the animal becomes hyperexcitable and, 
as a characteristic feature, is subject to attacks of widespread sympa- 
thetic mass reaction, associated with excessive muscular activity, violent 
emotional outbursts, hissing, growling and particular vocalization 
resembling a cry of rage and physical distress (hypothalamic cry.)** 
3ard 1** showed that this sham rage reaction is elicitable as long 
as the posterior portion of the hypothalamus remains intact and _ that 
it persists after all the anterior-lying parts of the brain, including the 
tuber cinereum, are removed. 

Generalizing on this experimental evidence, it seems legitimate to 
assume that the hypothalamus and the adjoining portions of the brain 
represent collectively a headmost ganglion of the autonomic nervous 
system, which controls the steady state of the internal medium (homeos- 
tasis) and influences that rhythm and rate of the reflex activity of the 
cerebrospinal (exterofective) nervous system. This hypothalamic 
mechanism may be tentatively compared in function with the sino- 
auricular node, for it appears to be a pacemaker for the cerebrospinal 
nervous system, as the sino-auricular node is for the heart. It is com- 
prehensible that the disturbance of function of such a central apparatus 
integrating the vegetative processes in the body as a whole and con- 
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trolling the rate of activity of the cerebrospinal nervous system should 
lead, on the one hand, to dissolution of physiologic equilibrium in the 
internal medium (diapasis) and, on the other, to dissociation in time and 
rate of the activity of the cerebrospinal nervous system (diaschisis). 

Indeed, the instability of neurovegetative reactions (vasomotor, 
secretory and gastro-intestinal), metabolic processes and emotional 
disposition in persons with epilepsy and the apparent universality of 
these physiologic abnormalities, not confined to any particular organ or 
system of organs or to any particular aspect of metabolism but reflecting 
on the physiologic equilibrium of the organism as a whole, suggest a 
disturbance in the function of such a. central autonomic mechanism 
which “synergizes and tunes up,” so to speak, all the vegetative func- 
tions of the body. The tendency of the autonomic disturbances to 


spread into mass reactions, prevalently sympathetic during the phase of 
the seizure proper and prevalently parasympathetic at the termination 
of the seizure and during the phase of recovery, leads to the belief that 
the activity of the sympathetic and the parasympathetic components of 
this autonomic mechanism are dissociated in time and rate. They appear 
to be stimulated simultaneously and discharged independently, or while 
one is stimulated the other fails to exert its antagonistic controjl. Fol- 
lowing the analogy of the apparent state of affairs during the epileptic 
seizure with that obtaining in experimental observations, one may 
assume that during the phase of the epileptic seizure proper the sympa- 
thetic or posterior hypothalamic mechanism (mamillary body and 
posterior wall of the third ventricle) is overstimulated, while the para- 
sympathetic or anterior hypothalamic mechanism (tuber cinereum and 
rostral wall of the third ventricle) is inhibited, this relation being 
eventually reversed during the phase of recovery. 

As interference with the functions of the sino-auricular node in 
the heart may lead to auriculoventricular dissociation, auricular fibrilla- 
tion and extrasystole and, potentially, to complete heart block, so dis- 
turbance of the vegetative hypothalamic pacemaking mechanism of 
cerebrospinal activity may lead to dissociation in rhythm and rate of 
excitatory and inhibitory processes (rate of discharge of impulses, 
refractory phase and simultaneous and successive combination of 
stimuli) at different levels of the neuraxis, with resulting confusion, 
loss of consciousness, sham emotional reactions, automatic movements, 
contortions, spasms, convulsions and, potentially, a comatose state with 
abrogation of all exterofective functions. The latter state may be com- 
pared to complete block (diaschisis) of transsynaptic connections 
between the afferent proprioceptive and exteroceptive stimuli and the 
effector organs of the cerebrospinal nervous system (skeletal muscula- 
ture) at all levels of the neuraxis, including the lowest. 
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These views are corroborated by the results of the recently dis- 
covered method of study of the electrical activity of the brain (electro- 
encephalography) and were applied by Gibbs, Davis and Lennox to 
the study of changes in this activity during epileptic seizures.*? These 
investigators found that even before the seizure there occur 
paroxysmal disturbances in the rhythm and rate of oscillations of elec- 
trical potential in the brain (larval attacks). During the petit mal 
seizure there occur an increase of potential (intensity of discharge) up 
to ten times the normal and, at the same time, slowing of the frequency 
of its oscillations (rhythm of discharge) to a fifth of the normal. Dur- 
ing the comatose state following a grand mal convulsion, changes in 
the potential are greatly reduced, and oscillations almost disappear until, 
after recovery of consciousness, the normal rhythm and rate of the 
changes of potential are resumed. In other words, during the normal 
state of cerebral activity the small blocks of functionally allied cells 
of the brain each discharge at their own rhythm and rate, the sum of 
which from the whole brain is recorded in the form of small and 
frequent, but constant, oscillations of electrical potential. During the 
seizure of petit mal the small blocks of cells lose their individual 
rhythm and rate of activity, and all discharge nearly in unison, until the 
charge of potential runs down and electrical activity nearly ceases 
(postparoxysmal shock). It is plausible to think that these high and 
slow waves of potential during the seizure do not represent discharge 
of the entire brain but of some part of it, the rhythm and rate of which 
emerge with a greater dominance as the electrical activity of the other 
parts ceases. 

29. Gibbs, F. A.; Davis, H., and Lennox, W. G.: The Electro-Encephalogram 
in Epilepsy and in Conditions of Impaired Consciousness, Arch. Neurol. & Psychiat 
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STRUCTURE OF THE NERVE ROOT 


I. NATURE OF THE JUNCTION BETWEEN THE CENTRAL AND 
THE PERIPHERAL NERVOUS SYSTEM 


I. M. TARLOV, M.D. 


MONTREAL, CANADA 


The principal terra incogniia in the histology of the cerebrospinal 
nerve root has concerned its central glial segment and the nature of 
its junction with the peripheral segment. The inadequacy of staining 
technic has been largely the cause of the retardation in the study of 
these problems. Recent improvements in the metallic impregnation 
methods of the Spanish school, enabling a more complete portrayal 
of neuroglia, Schwann cells and reticulin, afford an opportunity to 
supply this deficiency. 

My purpose in this investigation has therefore been a study of the 
central glial segment of the nerve root and the nature of its junction 
with the peripheral nerve segment. 


HISTORICAL REVIEW 

That a nerve root contains a central glial segment and a peripheral 
nonglial segment was recognized soon after Virchow discovered neu- 
roglia by Thomsen? and many others. Staderini,? as well as Weigert,* 
subsequently showed that the neuroglia is more dense in the nerve 
root than centrally. Roussy, Lhermitte and Oberling * pointed out the 
increased density of neuroglia at the extremity of the glial dome of 
the nerve root. Schaffer ® demonstrated the marginal neuroglial layer 
From the Department of Neurology and Neurosurgery, McGill University, 
and the Montreal Neurological Institute. 

A part of this investigation was carried out in partial fulfilment of the 
requirements for the degree of Master of Science at McGill University. 
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Arch. f. path. Anat. 109:459, 1887. 

2. Staderini, R.: Contributo allo studio del tessuto interstiziale di alcuni 
nervi craniensi dell’uomo, Monitore zool. ital. 1:232, 1890. 

3. Weigert, C.: Bemerkungen iiber das Neurogliageriist des menschlichen 
Zentralnervensystems, Anat. Anz. 5:543, 1890. 

4. Roussy, G.; Lhermitte, J., and Oberling, C.: La névroglie et ses réactions 
pathologiques, Rev. neurol. 1:878, 1930. 

5. Schaffer, J.: Die oberflachliche Gliahtille und das Stiitzgertist des weissen 
Riickenmarksmantels, Anat. Anz. 9:262, 1894 
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continuing peripherally along the nerve root, as much as 3 mm. in cer- 
tain instances. Levi® correctly visualized the nerve as passing through 
a double lamina cribrosa, the first of dense neuroglial fibers, the second 
of connective tissue. Henschen,’ like Staderini and Lhermitte and Klar- 
feld,* called attention to glial fingers penetrating the distal segment 
of the eighth nerve (fig. 158). A similar condition was shown by 
Lhermitte and Klarfeld to prevail in the case of the fifth nerve. Skin- 
ner ° applied modern neuroglial impregnation methods to the study of 
the cranial nerves. He called attention to a piling up of oligodendro- 
cytes at the line of junction with the peripheral nerve segment. The 
astrocytes, on the contrary, were, he stated, separated from the connec- 
tive tissue barrier by a clear area representing the average length of 
an astrocyte process. Microglia cells were not impregnated in the glial 
portion of the nerve. Justification for further study of this subject 
is therefore evident. 
MATERIAL AND METHODS 

The cerebrospinal nerves of human subjects were used almost exclusively 
in this investigation.1° Material was often obtained from two to six hours 
post mortem. For the purpose of glial studies, injections of the fixing solution 
was made into the cisterna magna immediately after death, the brain and spinal 
cord being removed at times within two hours. After removal of the brain 
and spinal cord, the nerves were dissected with a small block of the brain and 
cord attached. The length of the nerve removed averaged from 1.5 to 2 em. 
In the case of the eighth nerve, which contains a long glial segment, longitudinal 
sections passing through practically its entire extent were obtained. Suitable 
specimens of the olfactory nerve were obtained by severing the olfactory tract 
at its junction with the olfactory bulb, with the brain in the cranial cavity. 
After removal of the brain, the bulb was dissected with its fine nerve filaments 
as far as their passage through the cribriform plate. Sections passing through 
the entire nerve at its superficial origin from the bulb could then be obtained. 
The sensory and motor components of the mixed nerves were usually isolated and 
dealt with separately; at times, however, longitudinal sections through the entire 
mixed nerve were prepared to emphasize contrasting features in structure. Both 
longitudinal and transverse sections were studied, the former sections passing 
through various planes in order to determine the contour of the transition arch. 


6. Levi, E.: Studien zur normalen und pathologischen Anatomie der hinteren 
Rtickenmarkswurzeln, Arb. a. d. neurol. Inst. a. d. Wien. Univ. 13:62, 1906. 

7. Henschen, F.: Zur Histologie und Pathogenese der Kleinhirnbricken- 
winkeltumoren, Arch. f. Psychiat. 56:20, 1915. 


8. Lhermitte, J., and Klarfeld, B.: Gliome pré-protuberantiel avec metastases. 
Hemiplégie sans dégéneration du faisceau pyramidal, Rev. neurol. 21:392, 1911. 

9. Skinner, H.: Some Histologic Features of the Cranial Nerves, Arch. 
Neurol. & Psychiat. 25:356 (Feb.) 1931. 

10. Fewer confirmatory observations were made on nerves from monkeys, 
cats and rabbits, although the nerves of these animals were not completely 
investigated. All photomicrographs represent human material, and .diagrams are 
based on human material. 
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No appreciable modifications of the staining methods already established 
were resorted to in this study. Laidlaw’s lithium silver technic!! was followed 
for the study of reticulin and collagen. The cellular elements of the connective 
tissue sheaths were studied in preparations stained with hematoxylin and eosin, 
hematoxylin and Van Gieson’s method and the Mallory phosphotungstic acid, 
polychrome methylene blue and Masson trichrome stains.12. The Weigert-Pal 
technic revealed myelin sheaths effectively, the Gros-Bielschowsky procedure being 
equally satisfactory for the nerve fibers. Reich’s toluidine blue and acid fuchsin 
methods 1% for Schwann cell granules were used. 

Considerable difficulty was encountered in the impregnation of astrocytes. 
Cajal’s gold chloride sublimate technic, del Rio-Hortega’s silver carbonate 
method and various modifications of these were employed. Although astrocytes 
in the fragment of brain or spinal cord attached to the nerve may stain fairly 
readily, those of the nerve itself require long periods (months) of fixation, 
and even then results are inconstant. Astrocytes were impregnated by Rio- 
Hortega’s modification!® of the Golgi technic, requiring fixation in potassium 
bichromate, chloral hydrate and formaldehyde and impregnation in silver nitrate, 
followed by embedding in pyroxylin and sectioning. All the usual procedures 
were tested in the study of oligodendrocytes. Preparations obtained with the 
use of Dockrill’s modification of Rio-Hortega’s silver carbonate method, reported 
by Penfield,'® excelled. A further advantage of this technic is the fact that it 
sometimes impregnates the Schwann cells as well. Microglia cells are sporadically 
revealed. For the study of microglia cells Rio-Hortega’s silver carbonate method 17 
yields more clearcut images, although less consistently. 


OBSERVATIONS 

As the individual nerve roots or their rootlets leave the neural axis, 
they are surrounded by pia mater, which is composed chiefly of two 
layers between which blood vessels occur. The various nerve roots later 
unite to form a trunk, which receives a common perineurium derived 
from the arachnoid. The epineurium, which is the peripheral extension 
of the dura mater, joins the nerve trunk at a point just beyond the 
arachnoid junction with the nerve. 


11. Laidlaw, G.: Silver Staining of the Endoneurial Fibers of the Cerebro- 
brospinal Nerves, Am. J. Path. 6:435, 1930. 4 

12. Masson, P.: Some Histological Methods: Trichrome Stainings and Their 
Preliminary Technique, J. Techn. Methods 12:75, 1929. 

13. Reich, F.: Ueber die feinere Struktur des peripheren markhaltigen Nerven 
und ihre Beziehung fiir die Neuronfrage, Neurol. Centralbl. 29:83, 1910. 

14. Ramén y Cajal, S.: Sobre un nuevo proceder de impregnacién de la 
neuroglia y sus resultados en los centros nerviosos del hombre y animales, Trab. 
d. lab. de invest. biol. Univ. de Madrid 11:219, 1913. 

15. del Rio-Hortega, P.: Tercera aportacién al conocimiento morfologico e 
interpretacién de la oligodendroglia, Mem. r. Soc. espafi. de hist. nat. 14:1, 1928. 

16. Penfield, W.: A Further Modification of del Rio-Hortega’s Method of 
Staining Oligodendroglia, Am. J. Path. 6:445, 1930. 

17. Penfield, W., and Cone, W.: Neuroglia and Microglia (the Metallic 
Methods), in McClung, C. E.: Handbook of Microscopical Technique, New 
York, Paul B. Hoeber, Inc., 1928, p. 359. 
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The outer pial layer contains longitudinal reticulin fibers with oblique 
or circular coils. It is lined by a single layer of low cuboidal or flattened 
mesothelial cells. It follows the nerve root, closely continuing over it 
as the outermost layer of the endoneurium. The intimal pia, the stronger 
of the two pial layers, is formed of longitudinal and circular fibers, 
among which occurs a network of elastic tissue. It is bound to the 
superficial neuroglial layer by a fine reticulin mesh accompanying the 
blood vessels as they pass into the central nervous system, forming 
pial funnels (Piatrichter of Key and Retzius'*). There are frequent 
anastomoses between the two pial layers, its reticulin, moreover, blend- 
ing with that of the blood vessels. Melanin cells, present in both layers 
of the pia, occur along its peripheral reflection over the nerve root. 
lhe inner pial layer forms the pial ring, which is a series of apertures 
through which the nerve fibers pass. It is this sievelike structure that 
marks the approximate site of transition from the central to the periph- 
eral portion of the nerve.'® This site of transition varies with the 
different cerebrospinal nerves, the length of their glial segments vary- 
ing accordingly. 

The zone of transition from the central to the peripheral portion 
of a nerve is not always sharp and regular. In some cases it is ragged, 
presenting gaps which allow tongues of glial tissue to project peripher- 
ally. The transition between the two nerve segments is usually in 
the form of an arch, concave centrally, the degree of its concavity 
varying with the different cerebrospinal nerves. 

A. Interstitial Tissue of the Central Glial Segment of the Nerve 
Root.—The central glial segment of a nerve trunk presents the struc- 
ture of a fiber tract of the brain (fig. 1). Its neuroglial framework 
becomes more dense as the transition zone is approached. At the 
junction of the nerve root with the brain or the spinal cord the marginal 
neuroglia is often increased in amount, becoming thinner peripherally 
and at times disappearing entirely. This dense layer may at times be 
followed upward along the entire nerve root, bridging it at the transition 
point (fig. 2.4). From here irregular bands of similarly dense glia cells, 
often devoid of nerve fibers, may project peripherally or centrally along 
the connective tissue septums. It is within this marginal neuroglial 

18. Key, A., and Retzius, G.: Studien in der Anatomie des Nerven-systems, 
Arch. f. mikr. Anat. 9:308, 1873. 

19. The pial ring does not mark the exact site of transition from the central 
to the peripheral portion of the nerve. The connective tissue framework and the 
Schwann cells of the peripheral nerve segment continue a short distance central 
to the pial ring before being replaced by the neuroglia. The precise transition 
zone corresponds, then, to this latter site, at which the ensheathing and supporting 
role of neuroglia and microglia is assumed by the Schwann cells and endoneurium. 
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Fig. 1—Diagram of the structure of a nerve root. A indicates an anastomosis 
between the layers of meninges and their peripheral extensions; 4s, an astrocyte 
(gliosomes in white and centrosomes in black); Ax, an axis-cylinder, showing 
the greater caliber of the axis-cylinder peripherally and its constriction in passing 
through the pial ring; Bv, a blood vessel; C, a clasmatocyte; E, the epineurium, 
the peripheral extension of the dura mater; El, the elastic tissue of the endo- 
neurium; Eo, the outer layer of the endoneurium, the peripheral extension of 
the outer layer of the pia mater; Es, the endoneurial sheath, with the argyrophil 
tube extending central to the pial ring over the same area as the Schwann cell 
and fibroblast (within the circle endothelial cells line the endoneurial sheath, and 
below the circle is the endoneurial sheath, slightly modified from Laidlaw’s 
drawing); F, a fibroblast; ./a, the marginal layer of neuroglia continuing over 
the nerve root; We, a melanin cell in the pia mater; 1/1, a microglia cell; My, 
the myelin sheath, showing the greater thickness peripherally and the attenuation 
of the myelin in passing through the pial ring; NV, a nerve fiber seen in cross-sec- 
tion, surrounded by an expansion of oligodendrocytes; O, an oligodendrocyte 
(gliosomes in black and centrosomes in white); P, the perineurium, the peripheral 
extension of the arachnoid; R, the pial ring, formed by the inner layer of the 
pia mater; Re, reticulin fibers connecting endoneurial sheaths; S, a Schwann 
sheath; Sc, a Schwann cell with inclusion granules and protoplasmic thickenings, 
showing a gradual transition from the oligodendrocyte to the Schwann cell, and 
W, a wandering cell. 
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Fig. 2—Photomicrographs (impregnation with silver carbonate). 4 (x 155) 
shows the continuation of the marginal neuroglial layer over the root of the facial 
nerve, bridging it at the transition zone, with the marginal neuroglial layer of 
the brain in the right upper corner; B, oligodendrocytes of the spinal cord near 
the entrance of the posterior root, with processes enwrapping the nerve fiber 
(Dockrill’s modification of Rio-Hortega’s technic; & 700), and C, oligodendro- 
cytes along the central segment of the acoustic nerve (Dockrill’s modification 
of Rio-Hortega’s technic; * 580). The oligodendrocyte on the left covers two 
nerve fibers. Processes are seen passing transversely over many nerve fibers. 
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layer and its nerve root extensions that corpora amylacea *° first make 
their appearance. In advanced stages in which the entire central segment 
of the nerve root is studded with these amyloid bodies, an occasional 
one may be seen in the peripheral nerve segment, apparently inde- 
pendent of glial tissue. 

1. Astrocytes: The astrocytes of the nerve root, less numerous 
than the oligodendrocytes, are chiefly of the fibrous variety. They are 
identical with the astrocytes occurring along the fiber tracts of the 
brain. Few protoplasmic forms occur in the areas of gray substance 
which are occasionally encountered in the central segments of some 


Fig. 3.—Photomicrographs showing (A) astrocytes along the central segment 
of the acoustic nerve (impregnation with silver nitrate, Rio-Hortega’s modification 
of Golgi’s technic; 375), and (B) marginal neuroglial cells along the acoustic 
nerve (impregnation with lithium silver carbonate, Rio-Hortega’s technic for 
astrocytes; 700). 


roots. The astrocytes are distributed throughout the nerve trunk. They 
are usually alined in rows. Their cell bodies are fairly large and are 
round or oval. The processes of the astrocytes run in all directions, 
usually obliquely across the nerve fibers (fig. 3.4). These fibrous 
processes interlace, producing an intricate weave binding the nerve 
fibers together. Many of these cell projections are attached to the 


20. The youngest subject in which corpora amylacea were observed was 26 years 
old. The bodies increase in number with age. 
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blood vessels of the glial trunk and others to the pial ring, the endo- 
neurial tubes, the connective tissue septums or the bordering pia mater, 
Several such attachments may exist. 

In many preparations with gold chloride and mercury bichloride one 
notices an anuclear zone between the connective tissue barrier and the 
more distal transverse line of astrocytes. This deficit in astrocytes at 
the transition zone is only apparent, being the result of incomplete 
impregnation. In more successful preparations astrocytes of the same 
type as those observed more centrally are present at the transition zone, 
The zone of neuroglia applied to the connective tissue barrier, like the 
marginal neuroglial layer (fig. 3B), often presents small cells, in some 
of which fibers may be seen. Many of these cells suggest forms transi- 
tional to oligodendrocytes. These border astrocytes fill in the interstices 
of the centrally projecting connective tissue trabeculae or endoneurial 
tubules. Fine attachments of these cells to connective tissue strands 
of the endoneurium may be traced. The small cells often appear sus- 
pended transversely, with polar attachments to the central endoneurial 
projections. The pial ring and its endoneurium similarly receive proc- 
esses of distant astrocytes, many of which possess vascular feet in 
addition. At the transition zone the astrocytes may partake slightly 
in the cellular increase. They form a lamina cribrosa of rather dense 
neuroglial fibers. 

Astrocytes in the central portion of the olfactory nerve are of an 
unusual variety, which has not been encountered on the other cranial 
nerves. They are of the type described by de Castro*! as occurring 
in the peripheral fibrous and glomerular layers of the olfactory bulb 
and designated by Achucarro as astrocytes en ramilletté. These “bou- 
quet’’ astrocytes present one large process, often as a vascular foot, 
the other processes being short and more delicate (fig. 4B). They 
resemble astroblasts, but they are present in the adult olfactory nerve. 
These cells vary in orientation with respect to the olfactory fibers. 
Other astrocytes of the olfactory nerve root are more round, with short 
processes confined largely to one portion of the cell. Transitions 
between these types of astrocytes occur. The astrocytes frequently 
appear clumped, not merely in linear arrangement, as in other cranial 
nerves, but in random fashion. The cytoplasm of several astrocytes 
may appear continuous, true binucleated forms occurring as well. The 
disorderly neuroglial pattern of the olfactory nerve, in contrast to the 
arrangement on the other cranial nerves, is understandable in view of 
the plexiform disposition of the olfactory nerve fibers (fig. 4.4). As 
the neuroglia of the olfactory nerve approaches the connective tissue 

21. de Castro, F.: Estudios sobre la neuroglia de la corteza cerebral del 
hombre y de los animales, Trab. d. lab. de invest. biol. Univ de Madrid 18:1, 1920. 
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Fig. 4—Photomicrographs (4) of nerve fibers of the central segment of the 
olfactory nerve (impregnation with silver nitrate, Gros-Bielschowsky method; 
X 700), showing the contrast between these plexiform fibers and the simple 
independent character of the fibers of other cerebrospinal nerves (fig. 11) 
and (B) of astrocytes of the olfactory bulb (impregnation with lithium silver 
carbonate, Rio-Hortega’s technic for astrocytes; & 850). Similar cells occur 
along the central glial portion of the olfactory nerve. The astroblast-like appearance 
of these cells is evident. 
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border, the density of its fibrous mesh increases. Because of the irregu- 
larity of the transition zone, the dense marginal neuroglial layer lacks 
the well defined appearance which usually characterizes that of other 
cranial nerves. The astrocytes possess vascular and connective tissue 
attachments at the frontier, as elsewhere. They extend to the transition 
zone, like the oligodendrocytes and microglia cells on this nerve. 

2. Oligodendrocytes: Oligodendrocytes of the nerve root are of 
the interfascicular type, occurring in rows on or between the medullated 
nerve fibers. Few are of the round perivascular type related to blood 
vessels. While the processes are usually delicate, heavy tails gradually 
tapering from the cell body occur. The cytoplasmic processes of these 
cells may course transversely or obliquely over several nerve fibers 
(figs. 2B and 2C). Various figures, such as rings and spirals, are 


Fig. 5—Oligodendrocytes along the acoustic nerve. The greater cell density 
of the cochlear division (at the right), which contains a greater number of smaller 
nerve fibers, is apparent. Impregnation with silver carbonate (Dockrill’s modi- 
fication of Rio-Hortega’s technic; 245). 


formed on the myelin sheath by the processes of these cells. These for- 
mations resemble patterns which occur along the myelin sheath peripher- 
ally. A single oligodendrocyte may contribute to the envelopment of 
several nerve fibers, surrounding the myelin sheath closely (fig. 2B). 
While the processes of oligodendrocytes envelop several nerve fibers, 
their cell bodies, in sections cut parallel to the course of the nerve 
fibers, usually appear to cover but one nerve fiber. However, instances 
were encountered in which the cell body of an oligodendrocyte lay 
directly over two nerve fibers, the outlines of the structures being 
clearly shown (fig. 2C). Examination of various nerve roots indicates 
that the oligodendrocytes vary considerably in size. The size depends 
directly on the caliber of the nerve fiber. This may be shown in sections 
of the eighth nerve (fig. 5), the vestibular division presenting larger 
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oligodendrocytes than the cochlear. Such a condition is in accord with 
differences in the structure of the nerve fibers, the cochlear division 
being composed of finer fibers. As the transition zone is approached, 
one frequently observes a tendency on the part of the cells to become 
more definitely oval or rectangular than centrally. Their nuclei 
become oval, approaching in type the nuclei of the neighboring Schwann 
cells. At the connective tissue barrier a piling up of oligodendrocytes 
is usually observed. Occasionally there occurs a rather clear central 
glial or peripheral nonglial “zone of repulsion,’ on either side of which 
a slight cell piling exists. In the fifth nerve particularly, where long 
endoneurial tubes and trabeculae support the peripheral portion of the 
nerve in the glial segment, fingers of nonglial and glial tissue may 
dovetail. Oligodendrocytes may occur just peripheral to the main line 
of the pial ring and the Schwann cells just central to it. The transition 
from the oligodendrocyte to the Schwann cell is gradual. Intermediate 
forms which one may classify either as one or the other cell type 
occur at the junction. 

The occurrence of cell types intermediate between the oligodendro- 
cyte and the Schwann cell is strikingly illustrated in the olfactory nerve. 
Owing to the absence of a definite pial ring, such as occurs in the other 
cerebrospinal nerves, there is intermingling of glial and connective 
tissue areas. Oligodendrocytes ultimately are replaced by Schwann cells. 
This change occurs gradually, so that one encounters cells which may 
represent either one type or the other. The oligodendrocytes and 
Schwann cells are arranged not in independent rows as in other nerves 
but in anastomosing series. The Schwann cells are frequently as closely 
packed as oligodendrocytes. In this respect they differ from their dis- 
position on the other cerebrospinal nerves, where the Schwann cells 
are placed a greater distance apart, each usually being limited to an 
interannular segment.*? A ring formed by oligodendrocyte processes 
often indicates the node of Ranvier, where the nerve fiber may appear 
constricted. Other rings on the myelin sheath in continuity with oligo- 
dendrocyvte expansions may be seen. The plexus of processes emanating 
22. Nageotte considered the Schwann cells of the olfactory nerve as forming 
a syncytial sheath like those of primitive embryonic or regenerating fibers. The 
French investigator regarded them as forming tubes for the nerve fiber of a 
composite type, as compared with the simple independent type ensheathing the other 
cerebrospinal nerve fibers. Such a sheath pattern seems to be necessary as an 
adaptation to the plexiform disposition of the olfactory nerve fibers (fig. 4A). 
The endoneurial sheaths, too, differ in pattern from those of other cerebrospinal 
nerves, being of a plexiform nature. In a section obtained early in the course 
of this investigation myelin was stained around a few fibers along the central 
course of the olfactory nerve. Since, however, repeated attempts to stain myelin 
in this region have failed. 
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from these cells extends to the transition zone. Their relation to the 
processes of Schwann cells could not be determined. 

3. Microglia Cells: Microglia cells are present in the glial portion 
of a nerve root with about the same frequency that characterizes them 
in other regions of the white matter (fig. 6). They are the least numer- 
ous of the interstitial cells of the glial trunk. They are usually arranged 
parallel to the course of the nerve fibers, although they may be oriented 
obliquely. They occur at the very connective tissue barrier, sending 
their long processes in between the central projections of connective 


tissue. At times they appear in greater numbers at this site than 


Fig. 6—Microglia cells along the central segment of the posterior root. 
Impregnation with silver carbonate (Rio-Hortega’s technic; & 1,200). 


more centrally. However, in view of their relative infrequency, a true 
cellular increase at the transition zone is difficult to determine. 

B. Interstitial Tissue of the Peripheral Segment of the Nerve Root. 

The interstitial tissue of the peripheral segment of the nerve root 
consists of a system of connective tissue sheaths, with their various 
cellular elements, and the sheath and cell of Schwann. 

1. Connective Tissue Sheaths: The pial ring, best studied in the 
Laidlaw connective tissue preparations, is reenforced by transversely 
or obliquely coursing fibers (fig. 7) joining the individual endoneurial 
tubes and giving the nerve the appearance of great strength at this 
point. In some cases a pial ring, with its reenforcing bands of con- 


nective tissue, is not visible as a definite structure. Instead, the closely 
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joined endoneurial sheaths are united by short anastomotic fibers. 
Peripheral to the transition zone the pial ring formed by the inner pial 
laver is continuous with the longitudinal endoneurial fibers. The latter 
give rise to a lattice of delicate reticulin fibers in coil or crisscross 
pattern, completing the individual connective tissue compartments for 
the nerve fibers. These endoneurial sheaths are lined on either side 
by endothelial-like cells.** Central to the pial ring the intimal pia is 


Fig. 7—Photomicrograph showing continuity of the reticulin between the 
central blood vessels and the endoneurium of the acoustic nerve. Transverse 
collagen fibers of the pial ring are shown. Impregnation with lithium silver 
carbonate; > 245. 


23. Retzius (Retzius, G.: Was ist die Henlesche Scheide der Nervenfasern? 
Anat. Anz. 15:140, 1898) deprecated the tendency to refer to the endoneurial 
sheath as the sheath of Henle. Henle’s description (Henle, J., and others: 
Encyclopédie anatomique, translated into French by A.-J.-L. Jourdain, Paris, J.-B- 
Bailliere, 1843) did not indicate clearly the endoneurial sheath surrounding 
the individual nerve fibers. It referred rather to the smallest of the perineurial 
sheaths. The endoneurial sheaths are sometimes known as the Fibrillenscheide 
of Key and Retzius, the intrafascicular connective tissue of Ranvier (Ranvier, 
L.: Des modifications de structure qu’éprouvent les tubes nerveux en passant 
des racines dans la moelle épiniére, Compt. rend. Acad. d. sc. 95:1069, 1882), the 
so-called sheath of Henle, the subsidiary sheath of Ruffini or the Plenk-Laidlaw 
argyrophilic sheath. 
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in continuity with three types of connective tissue structures, which 
anchor the root in the glial zone (fig. 8). This support is gained by 
conical tubules of fine reticulin, bands of longitudinal connective tissue 
alone or a combination of these structures (1.e., parallel longitudinal 
fibers with their delicate argyrophilic web forming a tubule). The 
tubules may commence at the transition point with marginal longitudi- 
nal reticulin fibers, which along their central course become attenuated 
and then disappear. The tubules may finally end abruptly or lose them- 
selves gradually in the glia as the most delicate reticulin web. As the 


Fig. 8—Connective tissue structures central to the pial ring on the sensory 


portion of the trigeminal nerve. Heavy connective tissue trabeculae and argyrophilic 
tubules are shown. Impregnation with lithium silver carbonate (Laidlaw’s modi- 
fication of Rio-Hortega’s technic: * 600). 


endoneurial tube is followed peripherally on the sensory root, it 1s 
seen at times to assume a convolutional pattern in accordance with the 
glomerulus of the axon as it leaves the ganglion cell. It then becomes 
continuous with the reticulin sheath of the ganglion cell. Deep within 
the glial segment of a nerve one may observe tubular sheaths of fine 
reticulin, suggesting the argyrophilic tubules surrounding the nerve 
fibers. However, these forms, which may be seen at any point within 
the brain, represent tangentially cut blood vessels. The further striking 
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resemblance in reticulin pattern between the endoneurial and the vas- 
cular sheath is emphasized in the peripheral portion of a nerve (fig. 9). 
Collagen or reticulin fibers may stretch long distances through the glial 
segment, connecting the endoneurium with the wall of the blood vessel 
(fig. 7). Considerable support is thus given to the nerve at this point. 
Although most of the endoneurial tubes are in parallel formation, single 


Fig. 9—Photomicrograph showing continuity and similarity in the reticulin 
of the blood vessels and the endoneurium on the abducens nerve. A laminated 
perineurium formed by the arachnoid is seen in the upper portion. Impregnation 
with lithium silver carbonate (Laidlaw’s modification of Rio-Hortega’s technic ; 
xX 150). 


or groups of obliquely coursing tubes, indicating a rearrangement of 
fibers along the root, are not uncommon. Along the course of the endo- 
neurial tubes one often encounters indentations with transverse collagen 
bands, some of which probably represent sites of the nodes of Ranvier. 
Frequently one encounters bands of reticulin or a fine reticulin web 
passing transversely or obliquely across the peripheral nerve segment, 
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simulating the pial ring. Few elastic tissue fibers occur throughout the 
endoneurial framework. 

The cellular elements of the endoneurium, like those of the peri- 
neurium (Doinokow **), consist of endothelial cells, fibroblasts, wander- 
ing cells (macrophages) and clasmatocytes (resting wandering cells of 
Maximow). Plasma cells were observed in considerable numbers in 
one instance in which further abnormality of the nerves did not occur, 
They have been described in the connective tissue of normal nerves 
by Cajal. Mast cells have been described as occurring within the endo- 
neurium (Doinokow), but they were not encountered in this study, 
Fat cells were not seen in the endoneurium during the course of this 
investigation. However, since they do occasionally occur in the pia 
mater (Bostroem*’ and others), it is likely that they may appear in 
the peripheral extension of this membrane, the endoneurium. It is 
likely, too, that melanin cells may occur in the endoneurium, since they 
have been encountered in the region of the pial reflection over the nerve 
root. In fortunate preparations, long continuous tubes formed of flat- 
tened endothelial cells may be seen. Within this endothelial sheath 
occurs the oval, less heavily chromatic nucleus of the Schwann cell, with 
its nucleolus. Fibroblasts have been encountered wherever the reticulin 
fibers of the endoneurium occur. Central to the transition zone of the 
nerve root fibroblasts have the same distribution as the argyrophilic 
tubules. A certain amount of the nuclear increase seen at the transition 
zone is due to the cells of the pial ring, which are oriented in a trans- 
verse axis. In addition, however, there is a real cellular increase, in 
which cells both of the central and of the peripheral nerve segment 
participate. 

The perineurial sheath passing inward to divide the nerve into bun- 
dles is a direct peripheral extension of the spongy arachnoid, with its 
collagen and elastic tissue fibers. The laminated perineurium, like the 
endoneurium, is lined by a continuous layer of endothelium (Doino- 
kow). The arachnoid joins the nerve as its closely fitted perineurium at 
a point along its course which varies with the different cerebrospinal 
nerves. This distance from the superficial origin of the nerve to the 
region of arachnoid approximation varies from 0.5 cm. to several centi- 
meters; it is greatest in the lower spinal roots of the cauda equina, 
which are enveloped in a common arachnoid sac, the reflection of which 
as the perineurium occurs in the vicinity of the corresponding foramina 
of exit. One may encounter arachnoid cell nests, whorls or psammoma 
bodies along the course of the arachnoid as it becomes reflected over 


wandering cells, clasmatocytes, fat cells and mast cells. 
25. Bostroem, E.: Ueber die pialen Epidermoide, Dermoide und Lipoma, Cen- 
tralbl. f. allg. Path. u. path. Anat. 8:1, 1897. 


24. Doinokow has shown that the cells of the epineurium include fibroblasts, 
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the nerve root. These formations have been observed as far peripherally 
as the gasserian ganglion. 

2. Schwann Cells: The Schwann cells present the same variations 
in size as do oligodendrocytes; the dimensions of some exceed twice 
those of others. As in the case of oligodendrocytes, the caliber of 
the nerve fiber seems to be the determining factor. The nucleus of the 
Schwann cell is round or oval and usually larger than that of the 
oligodendrocyte, with less densely packed chromatin. One or more 
nucleoli may be present. Surrounding the nucleus, which may occupy 


the entire diameter of the nerve fiber, is the perinuclear cytoplasm. 


Fig. 10—Photomicrographs showing (4) granules (7 or protagon-like) in 
the Schwann cell along the oculomotor nerve root, with nuclei of adjacent Schwann 
cells outlined by granules (at the right) (toluidine blue stain following fixation 
in Muller’s fluid; & 700) and (B) Schwann cell and rings along the oculomotor 
nerve (impregnation with silver carbonate, Dockrill’s modification of Rio-Hortega’s 
technic for oligodendrocytes ; 1,200). 


The cytoplasm, often presenting a spongy appearance, becomes less 
dense as it leaves the nucleus (fig. 108). The cytoplasm surrounds 
the nerve fiber as a sheath, similar to that of the oligodendrocyte, thin- 
ning out distally and gradually becoming imperceptible. Within the 
cytoplasm of Schwann cells occur the various inclusion bodies described 
by Elzholz and studied in greater detail by Reich (1903). The toluidine 
blue and acid fuchsin methods of Reich were used for staining these 
granules. The former method readily stains the granules which Reich, 
on the basis of their tinctorial properties, called protagon-like orz 
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granules (fig. 104). The latter method has not been found equally 
successful in bringing out the granules which, because of their staining 
reaction, Reich called lecithin-like or » granules. Toluidine blue reveals 
numerous purple granules, usually closely surrounding the nucleus, 
They are round or comma shaped or of intermediate form, thinning 
out peripherally. The number of these granules increases in direct 
proportion to the size of the Schwann cell. These granules, as originally 
suspected, are related in some manner to myelin, since they cannot 
he stained in the usual manner on nonmyelinated fibers. Repeated 
attempts have been made to stain these granules on the olfactory nerve, 
but without success. Within a given nerve the size and number of 
the granules may vary considerably. The more uniform the size of the 
nerve fibers the more uniform that of the groups of granules surround- 
ing the Schwann cells. Such uniformity is seen in nerves of the ocular 
muscles, where the dense cluster of granules may reach a point twice 
the length of the nucleus from each nuclear pole. In the vagus nerve, 
on the contrary, considerable variation in the size of the individual 
granules and of their clusters exists. Fine granules, sparsely scattered, 
occur along the nerve fibers, suggesting small myelinated fibers with 
nonmyelinated fibers as well. No constant differences in the size of 
the individual granules could be detected among the different nerves, 
although in the small-fibered nerves there occurs a relatively greater 
proportion of smaller granules. 

While it is true generally that each interannular segment of a nerve 
contains one Schwann cell, instances occur in which two Schwann cells 
exist within a single interannular segment. The large oval nuclei of these 
cells are clearly outlined by the surrounding granules (fig. 104). That 
Schwann cells exist just central to the pial ring is indicated by the 
appearance of typical clusters of granules in this region. In a few 
instances an occasional purple granule was encountered surrounding 
a round nucleus at a distance of several nuclear lengths from the main 
line of transition. It is in this zone that the cells which bear resem- 
blance to both oligodendrocytes and Schwann cells have been revealed 
by silver impregnation. It is possible that the cells which contain an 
occasional granule may represent such transitional types. Occasional 
granules may at times be seen around a nucleus resembling that of a 
neuroglia cell at some distance central to the pial ring.*° The granules 

26. The granules have been demonstrated in neuroglia cells by Alzheimer 
(Alzheimer, A.: Beitrage zur Kenntnis der pathologischen Neuroglia und ihrer 
Beziehungen zu den Albanvorgangen im Nervengewebe, in Nissl, F., and Alz- 
heimer, A.: Histologie und histopathologische Arbeiten tber die Grosshirnrinde, 
Jena, Gustav Fischer, 1910, vol. 3, pt. 3). However, they are much less numerous 
and occur less constantly in neuroglia cells than in Schwann cells. Doinokow 
(1910) described the appearance of these granules in human subjects at about the 
age of 4 years; they increase in number with age and reach their peak at senility. 
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exist, too, in elongated cells which resemble those of the endoneurium 
and perineurium. At times, they occur just central to the main transi- 
tion line of the nerve, usually along the root border, in which case 
they probably represent perineurial or endoneurial cells. Doinokow 
considered the appearance of these granules in the endoneurial and 
perineurial cells as the result of phagocytosis. Certainly, they are char- 
acteristic of Schwann cells. 

As a rule the various granules of the Schwann cell do not occur in 
the capsular cells of the peripheral ganglia. On few occasions, however, 
small granules were revealed by toluidine blue in these cells. It is pos- 
sible that in these few instances the ganglia were surrounded by myelin 
sheaths, a condition which does occasionally occur (Miinzer **). Vacu- 
oles, often the size of the Schwann nucleus and probably representing 
dissolved fat, are frequently seen along the nerve fibers in silver car- 
bonate preparations. Single large granules may occur within these 
vacuoles. 

By means of silver carbonate impregnation after “FF. U. P. I. fixa- 
tion” (formaldehyde, urea, potassium iodide and water), rings of all 
sizes, contiguous or separated by varying distances, may be brought 
out. These rings surround the entire myelin sheath or merely the axon 
itself, all gradations in size occurring. They may be arranged as fun- 
nels permeating the entire myelin sheath. The rings frequently anasto- 
mose. When arranged in the form of funnels, they may be linked 
by fine membranous connections (infundibuliform membrane). The 
bases of these funnels on the same nerve fiber may oppose each other, 
although more frequently they are directed toward the same side and 
overlap. Similar formations occur centrally (fig. 11 B). The cytoplasm 
of Schwann cells has been traced in the silver carbonate preparations 
to the superficial rings, although a direct and clearcut communication 
could not be seen. 

Further information concerning the Schwann cell is afforded in cer- 
tain favorable trichrome preparations using aniline blue, according to 
Masson’s technic. The nerve fiber may be clearly seen within the blue- 
stained connective tissue sheath. Just internal to this connective tissue 
sheath a delicate cuticular membrane is discerned. In fortunate sections 
a distinct separation of this inner membrane from the outer blue-staining 
reticulin sheath is noticeable at the node of Ranvier. Over this node 
the endoneurial sheath, with its dense, flattened nucleus, passes uninter- 
ruptedly, exhibiting usually an indentation, the inner membrane fusing 
with the nodal disk. Within this membrane may be seen the oval or 
round nucleolated nucleus of the cell of Schwann. This thin cuticular 


27. Miinzer, F.: Ueber markhaltige Ganglienzellen, Ztschr. f£. mikr.-anat 
Forsch. 24:285, 1931. 
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membrane represents the membrane of Schwann. Its exact  relation- 
ship to the cell of Schwann cannot be determined in these preparations, 
since the schwannian cytoplasm is not well stained. Like the oligoden- 
drocyte, the cytoplasm and processes of the Schwann cell are chiefly 
polar, forming a sheath tor the myelinated nerve fiber. Unlike the 
oligodendrocyte, the protoplasmic expansions of the Schwann cell do 
not leave the course of a single medullated nerve fiber and pass trans- 
versely across adjacent fibers. 

C. Differences in the Nerve Fiber Centrally and Peripherally.— 


Many of the axis-eylinders in passing through the pial ring may be 


> 


Fig. 11—Photomicrographs (impregnation with silver nitrate, Gros-Bielschow- 
sky technic) showing (4) posterior cervical root fibers, with decrease in the 
caliber of nerve fibers at the transition zone, those centrally being thinner (< 180), 
and a lateral constriction of the root, and (B) funnels on nerve fibers central 
to the hypoglossal nerve (> 1,200). 


seen to undergo constriction. Peripherally the axis-cvlinder is greater 
in caliber than centrally (fig. 11.4). In myelin sheath preparations a 
zone of clearing (Aufhellung) is seen at the transition zone (fig. 12). 
This appearance is due partly to the fact that the nerve fibers in passing 
through the pial ring undergo tortuosity, the myelin often appearing 
interrupted in this region. There is, however, real attenuation of the 
myelin at the transition zone. Peripherally the myelin sheath is greater 


in thickness than centrally. Further differences in the constitution of 
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the nerve fiber in the central and the peripheral nervous system are 
indicated in figure 13. 

D. Ectopic Ganglion Cells and Glia Cells —Ganglion cells within 
the glial segment of the cerebrospinal nerve have been of the central 
nervous system type. Such cells have been observed on the sensory 
division of the trigeminal nerve, on both divisions of the eighth nerve 
(fig. 14 A and on the large cephalic vagus roots. They may occur any- 
where along the glial segment of the nerve. In an unusual instance 
in which the glial segment reached a length of 4.5 mm. on one of the 


Fig. 12—Zone of clearing at the transition site on the trochlear nerve, showing 
attenuation of myelin and deflection of nerve fibers in passing through the pial 
ring. Weigert-Pal stain; 1,200. 


main vagus trunks well preserved ganglion cells were strewn about 
its entire course, singly or in groups. These nerve cells of various 
sizes, frequently multipolar, were present up to the transition zone. 
Ganglion cells on the peripheral portion of nerves were in all instances 
of the encapsulated variety, surrounded by neurilemma cells. Such 
ganglion cells frequently occur in the outlying portions of sensory 

28. The term ectopic ganglion cells is coined to indicate nerve cells occurring 
along the nerve roots in outlying regions, with reference to the circumscribed gan- 
glionic masses of the sensory nerves or of the brain and spinal cord. It is used in 


the same sense with respect to glia cells. 
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LEGEND FoR FiGure 13 


Fig. 13—Diagram of a nerve fiber, showing differences in the central and 
peripheral nervous systems, according to the studies by others. C indicates the 
node of Ranvier. Cajal (Ramén y Cajal, S.: Degeneration and Regeneration 
of the Nervous System, translated by R. M. May, New York, Oxford University 
Press, 1928, vol. 1) pointed out the occurrence of these nodes at shorter intervals 
along the course of nerve fibers centrally, the myelin presenting a larger gap 
at these points and the cementing disks of Ranvier being correspondingly longer 
centrally. G B and R B indicate spinous bracelets of Nageotte. Nageotte 
(Nageotte, J.: L’organisation de la matiére dans ses rapports avec la vie, Paris, 
Félix Alcan, 1922) described this structure in central segments as composed of 
short threads of granular appearance, instead of the parallel, regular spiked circles 
seen peripherally. G S and R S show Schmidt-Lantermann incisures, which were 
described by Golgi (Golgi, C.: Untersuchungen iiber den feineren Bau des 
centralen und peripherischen Nervensystems, translated from the Italian by R. 
Teuscher, Jena, Gustav Fischer, 1894) as longer and more oblique centrally than 
peripherally. Nageotte regarded their granulations as of greater size in the 
peripheral segment. The Golgi-Rezzonico apparatus is shown within the Schmidt- 
Lantermann incisure. Golgi considered the coils of this structure to be less 
numerous peripherally, the rings less closely placed and of smaller diameter and 
the arrangement more definite. N indicates the marginal plexus of Nageotte, 
composed of protoplasmic thickenings of Schwann cells forming a collar at the 
node of Ranvier, according to Nageotte. Rio-Hortega (del Rio-Hortega, P.: 
Son homologables la glia de escasas radiaciones y la celula de Schwann, Bol. 
soc. espafi. de biol. 10:1, 1922) described formations of oligodendrocyte expan- 
sions around nerve fibers centrally similar to those formed by Schwann cells 
peripherally. The entire myelin network was considered by Doinokow (Doino- 
kow, B.: Beitrage zur Histologie und Histopathologie des peripheren Nerven, 
in Nissl, F., and Alzheimer, A.: Histologie und histopathologische Arbeiten 
uber die Grosshirnrinde, Jena, Gustav Fischer, 1911, vol. 4, p. 445) to be more 
delicate in the cerebrospinal root fibers than peripherally, although the central glial 
portion of the root was not referred to specifically by this investigator. The 
endocellular apparatus of Golgi demonstrated within the cytoplasm of Schwann 
cells by Cajal is not represented. This apparatus has since been demonstrated 
in neuroglia cells. Neurofibrils are indicated as occurring in the fibers of the 
central and the peripheral nervous system. Neurofibrils have been seen in living 
invertebrate animals. Bozler (1927) and Speidel (Speidel, C.: Studies of Living 
Nerves: III. Phenomena of Nerve Irritation and Recovery, Degeneration and 
Repair, J. Comp. Neurol. 61:1, 1935) observed them in the jellyfish and de Rényi 
(de Rényi, G.: The Structure of Cells in Tissues as Revealed by Microdissection: 
III. Observations on the Sheaths of Myelinated Nerve Fibers of the Frog, J. 
Comp. Neurol. 48:293, 1929) in the lobster. Bifurcation of the axon peripherally 
has been seen by Dunn (Dunn, E.: On the Number and on the Relation 
Between Diameter and Distribution of the Nerve Fibers Innervating the Leg of 
the Frog, Rana Virescens Brachycephala, Cope, J. Comp. Neurol. 12:297, 1902) 
and by many other observers. It is more frequent in the central nervous system. 
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ganglia. In the eighth nerve they have been encountered at. times 
within 1 mm. of the glial border on both the cochlear and the vestibular 
division. The occurrence of ganglion cells on the peripheral portion of 
motor nerves, although more startling, is not unusual. Many such 
cells have been encountered in the course of this investigation, although 
no special search was made for them by serial sections. They have 
been observed on the third, fifth, sixth, seventh and ninth nerves and 
along the nerve roots of the cauda equina. The cells occurred singly 
or in groups of two. They were usually well within the nerve trunk, 
although in several instances they were present at the margin of the 


Fig. 14—A shows nerve cells along the glial segment of the acoustic nerve 


(toluidine blue stain; 900), and B, encapsulated nerve cells along the peripheral 
(intracranial) segment of the olfactory nerve (hematoxylin and eosin stain; 
450). 


bundle just inside the perineurium. The cells were of the small or the 
large variety, recalling cells of the sensory ganglia. In addition to these 
well preserved cells, granular clumps of ganglion cells have been encoun- 
tered in several instances on the third and fifth nerves and in one 
instance on the sixth nerve. They seem to correspond to the remnants 
of ganglion cells described by Thomsen (1887) and others.*° 

29. Round or oval ganglion cells were encountered along the intracranial course 
the peripheral segment of the olfactory nerve in an 8 month premature infant 


(fig. 14B). In the case of a 5 month human fetus similar cells were observed in 
the pia-arachnoid over the cribriform plate. 


_ 
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Fig. 15—A shows nests of glial tissue along the peripheral course of the 


vestibular division of the acoustic nerve (impregnation with silver carbonate; 
X70), and B, peripheral projections of glial tissue on the vestibular division of 
the acoustic nerve, showing gliosis of these regions with an occasional nerve 
fiber (n) passing through (impregnation with silver nitrate, Gros-Bielschowsky 
method; > 170). 
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Nests of glial tissue in the peripheral nerve segment are of not 
infrequent occurrence (fig. 15 4). They have been observed on both 
sensory and motor roots, at times as far as 2 mm. from the transition 
site. Such glial islands, varying within about 1 mm. in diameter, have 
been encountered on the third, the fourth, the motor portion of the 
fifth, the sixth, the main motor portion of the seventh, the eighth, 
the large and small roots of the ninth and the main root of the tenth 
cranial nerve. They occurred on both divisions of the acoustic nerve, 
in one instance as far peripherally as the lower pole of Scarpa’s ganglion, 


Fig. 16.—Diagram illustrating uncommon structures along a nerve root. A 
indicates amyloid bodies central and peripheral to the transition zone; G, a few 
eranules similar to those in the Schwann cell within a neuroglia cell; N, nests of 
neuroglial tissue in a peripheral nerve segment; Nc, nerve cells along the central 
segment of the root; N/p, encapsulated nerve cells along the peripheral segment of 
the root, which may be seen in various stages of degeneration; O, an oligodendro- 
cyte covering two nerve fibers; P, a psammoma body, whorl and cell nests along 
the arachnoid extension over a nerve root; Pa, protoplasmic astrocytes in the 
central segment; S, the nuclei of two Schwann cells, surrounded by granules, 
along a single interannular segment near the transition zone, and T, a tongue of 
dense neuroglial tissue displacing a pial ring. 

Other still less common observations were cysts of the nerve roots of the 
lower sacral region and a small fusiform tumor occurring just peripheral to the 
transition zone on a large cephalic root of the vagus-spinal accessory nerve 
complex. 
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In one case numerous glial islands were associated on the vestibular 
division with numerous ganglion cells, the latter occurring in the center 
of the glial segment ; here the transition zone was irregular, an admixture 
of glial and nonglial areas being present. Islands of glial tissue in 
the peripheral portion of the acoustic nerve or peripheral projections of 
glia were observed in four of eighteen cases in which examination 
was made. Such phenomena were more distinct on the vestibular than 
on the cochlear division. Within these glial islands oligodendrocytes 
and astrocytes occur. [Endoneurium is absent in these glial areas, 
reappearing when Schwann cells replace the neuroglia. Tongues of glial 
tissue projecting peripherally are much more common than glial islands 
(fig. 16). The neuroglia fiber structure in both instances is dense, like 
that of the marginal glia, few nerve fibers occurring in these areas 
(fig. 156). Cell piling at the transition zone seems to be less marked. 


COMMENT 

Bundles of fibrous astrocytes devoid of nerve fibers may occur 
at the transition zone of various nerves. Such areas have been described 
beneath the pia in the optic nerve and along the central strands of 
connective tissue. They are normal formations and are regarded by 
Cone and MacMillan *’ as developmental anomalies resulting from 
failure of nerve fibers to penetrate certain portions of the glial frame- 
work in the embryonic stage. Such a view seems plausible and explains 
the inconstancy of the marginal neuroglial layer, nerve fibers often 
occupying the periphery of the nerve root. 

The absence of endoneurium in the peripheral glial islands where 
oligodendrocytes are the ensheathing cells and its reappearance when 
ensheathement is reassumed by the Schwann cells may serve as a support . 
for Nageotte’s conception that the Schwann cells provoke the forma- 
tion of endoneurium, or it may indicate a fundamental antagonism 
between neuroglia and connective tissue. Nageotte cited the central 
prolongation of endoneurial tubes over an area said to be devoid of 
fibroblasts but in which Ranvier pointed out the occurrence of Schwann’s 
membrane as in favor of his conception. That in this investigation 
fibroblasts as well as Schwann cells were demonstrated in this central 
zone invalidates Nageotte’s second argument. 


SUMMARY 
A typical cerebrospinal nerve root consists of a central glial and a 
peripheral nonglial segment. The former, containing astrocytes, oligo- 
30. Cone, W., and MacMillan, J.: | The Optic Nerve and Papilla, in Penfield, 


W.: Cytology and Cellular Pathology of the Nervous System, New York, Paul 
B. Hoeber, Inc., 1932. 
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dendrocytes and microglia cells, possesses the structure of a fiber tract 
of the brain, its neuroglial mesh, however, being more dense. The 
interstitial glial substance is replaced in the peripheral nerve segment 
by sheath of Schwann cells and endoneurium, the structure correspond- 
ing essentially to that of a peripheral nerve. There is an intimate rela- 
tionship between the three meningeal layers and the connective tissue 
sheath of the peripheral nerve. The pia mater is continuous _peri- 
pherally with the endoneurium, the arachnoid with the perineurium 
and the dura mater with the epineurium. Frequent communications 
by reticulin fibers exist between these meningeal layers and their periph- 
eral extensions. As a nerve undergoes transition from the central to 
the peripheral portion of its root, it passes through a double lamina 
cribrosa of dense neuroglial fibers and connective tissue. Peripheral 
to the transition zone the axis-cylinder and its myelin sheath are thicker 
than centrally. The marginal neuroglial layer becomes progressively 
thinner as it follows the nerve root upward, bridging it at the transition 
zone. There is a slight numerical increase in astrocytes at the transi- 
tion zone. This central zonal cellular increase, however, is constituted 
more particularly by the oligodendrocytes, the Schwann cells and 
endoneurial cells participating peripherally to a less extent. Oligodendro- 
cytes and Schwann cells vary in size directly with the caliber of the 
nerve fiber. Intermediate types occur at the transition zone which may 
be classified either as oligodendrocytes or Schwann cells. 

The pial ring through which the nerve root passes is reenforced by a 
plexus of oblique or transverse connective tissue fibers. It is ordinarily 
regular in contour but may present gaps permitting fingers of glial 
tissue to extend peripherally. In addition, islands of neuroglial tissue 
may occur in the peripheral nerve segment. Endoneurial cells have been 
encountered wherever its reticulin fibers occur. The endoneurial frame- 
work is constituted by longitudinal collagen fibers and a radiating fine 
reticulin web. Few elastic tissue fibers occur. The various endoneurial 
structures extend appreciable distances into the glial segment and support 
the root at this point. 

Well preserved and degenerating nerve cells have been encountered 
on the peripheral portions of various motor nerve roots. These cells 
were encapsulated, resembling those of the sensory ganglia. The occur- 
rence of encapsulated ganglion cells in the outlying vicinity of the 
sensory ganglia or along sensory roots is a more common but less 
impressive observation. Ganglion cells have been encountered on the 
central segments of various nerve roots. These cells possess morphologic 
characteristics of neurons of the central nervous system. Such central 
accumulations of ganglion cells have been observed in connection with 
peripheral glial islands on the vestibular portion of the eighth nerve. 
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CONCLUSIONS 

1. The central glial segment of a nerve presents essentially the 
structure of a fiber tract of the brain, its peripheral segment corres- 
ponding to a peripheral nerve. 

2. The homology between oligodendrocytes and Schwann cells, 
suggested by Cajal and ably supported by del Rio-Hortega, is empha- 
sized by the similarity in structure and the occurrence of oligodendro- 
cytes in the peripheral nerve segment replacing Schwann cells for a 
short distance. Transitions between the two types of cells occur. 

3. That oligodendrocytes may have a function other than their 
relation to myelinization is indicated by their occurrence along the 
course of the central segment of the olfactory nerve, in which region 
myelin cannot usually be stained. 

4. Ganglion cells occur frequently along the peripheral course of 
motor nerves and are more commonly seen on the sensory nerves 
in the outlying regions of their ganglia. 

5. Islands of glial tissue occur rather commonly in the peripheral 
nerve segment. They have been particularly striking in the case of 
the eighth nerve, which contains a longer glial segment than any other 
cerebrospinal nerve. 


PHOSPHORUS CONTENT OF THE BLOOD SERUM 
DURING THE EPILEPTIC SEIZURE 


ARTHUR WEIL, M.D. 
AND 
ERICH LIEBERT, M.D. 


CHICAGO 


While studying a group of epileptic patients we noticed during the 
convulsive seizure and for some time afterward a marked rise in the 
level of the inorganic acid-soluble phosphorus of the blood serum. Since 
it had been stated in publications concerned with epilepsy’? that the 
inorganic phosphorus content of the serum of epileptic patients is within 
the normal range, we decided to investigate the problem in detail, both 
with hospital patients and with animals. 


A specimen of blood was drawn from each patient before breakfast, during 
the interval between seizures. It was centrifugated after from one to two hours, 
and the serum was examined immediately to determine the fractions of phosphorus 
(Fiske and Subarrow method), of calcium (Halverson and Bergheim method) and 
of nonprotein nitrogen (nesslerization). We made a similar examination with a 
number of patients during the aura preceding the convulsive seizure, during the 
attack itself and at intervals following cessation of the seizure. 


The mean value for the inorganic soluble phosphorus determined 
between seizures for thirty-five patients was 3.7 mg. per hundred cubic 
centimeters of serum (standard deviation, +0.3). This value is well 
within the boundaries which are accepted as normal. It is evident from 
the figures of table 1 that during the seizure there was a marked rise, 
of from 0.7 to 2.3 mg., or from 16 to 65 per cent (mean rise, 1.3 mg., 
or 34 per cent). There was a corresponding, although somewhat less 
prominent, rise in the calcium content of the serum. In three cases 
in which we examined a specimen of blood taken at the time of the 
aura and a specimen taken during the seizure itself, the values for 
calcium per hundred cubic centimeters of serum were 8.9 and 11 mg., 
12.5 and 14.4 mg. and 10.7 and 12.1 mg., respectively—a rise of 23 
per cent, 15 per cent and 13 per cent. The value for nonprotein nitrogen 


This study was aided by the Minnie Frances Kleman Memorial Fund. 

From the Institute of Neurology and the Department of Nervous and Mental 
Diseases, Northwestern University Medical School. 

1. Nelson, M.: Calcium and Phosphorus Metabolism of Epileptic Children 
Receiving a Ketogenic Diet, Am. J. Dis. Child. 36:716 (Oct.) 1928. Lennox, 
W. G., and Cobb, S.: Epilepsy, Medicine Monographs, London, Bailliére, Tindall 
& Cox, 1928, vol. 14, p. 116. 
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during the seizure was within the normal range, namely, between 18 
and 30 mg. per hundred cubic centimeters. 


To discover the source of the increase in inorganic phosphorus, we performed 


an experiment for the production of convulsive seizures in rabbits. 


In one series 


TaBLE 1.—The Inorganic Acid-Soluble Phosphorus Content of the Serum of 


Patient 


Name Type* 
I 
Rei. .... | 
Ft. I 
Ro. I 
I 
Ch. . 
I 
Ba I 
Do. I 
Ger. I 


Mean value. 


* [I indicates idiopathie epilepsy; 


TaBLeE 2.—The Change in the Inorganic 


Epileptic Patients 


Jetween 

Age Sex Seizures 
24 M 4.5 
16 M 
9 M 
23 M 4.3 
rt) F 4.0 
14 P 7 

9 M 

49 M - 
27 M 
9 M 6 
M 4.6 
29 


Content, Mg. per 100 Ce. 


Increase, 

During Per- After 
Seizure centage Seizure 
6.5 
| 5.1 

66 
0 16 
l 45 4.4 
3.8 
3.9 

5 49 
4.9 
4.6 
61 

/ 34 4.8 


T, traumatic epilepsy. 


Serwm in Rabbits Following an Intravenous Injection of an 


Amount of Thujone 


Emulsion of Thiujone 


Content, Mg. per 100 Ce. 


Duration of 


Injected, Convulsion, Before 
Ce. per Kg. n Minutes Injection 

0.5 2 6.6 
0.75 { 4.2 
0.75 6 4.8 
0.75 6 5.7 
0.75 14 7.4 
0.75 ” 0 
0.75 9 
0.75 10 6.4 

Control, after muscular exertion 5.5 


Minutes after 
Injection 


7.0 


Minutes 
After 
Seizure 
10 


15 


4) 
4) 
0 


Acid-Soluble Phosphorus Content of the 


Increase, 
Percentage 


61 
150 (died) 
46* 
95+ 
11 


* This animal received a subcutaneous injection of 2 grains (0.12 Gm.) of sodium sulfo- 


cyanate in 10 per cent solution on the fourth and the last day before the experiment. 


+ This animal received an injection of % grain 


10 per cent solution ten minutes before the experiment. 


(0.025 


Gm.) of sodium 


sulfocyanate 


in 


a 2 per cent emulsion of thujone in a 6 per cent solution of acacia was injected 
into a vein of the ear, from 0.5 to 0.75 cc. per kilogram of body weight being used. 
Blood was taken from the heart with a 20 cc. syringe before this injection and at 
An injection of 0.5 cc. per kilogram immediately 


regular intervals thereafter. 


— — A 
0 
210 
= 7 
6.9 10 
8.1 
8.1 93 
71 
10.0 7a 
119 
m5 
8.6 
197 
6.1 
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produced a series of tonic-clonic fits lasting for about two minutes. However, 
since the change in the level of the inorganic acid-soluble phosphorus and of the 
calcium was minimal, in most of the experiments 0.75 cc. per kilogram was 
injected, and seizures lasting as long as twenty minutes were produced. 


Different possibilities might explain this increase in the inorganic 
acid-soluble phosphorus during the experimentally produced convulsion. 


TABLE 3.—Jnorganic Acid-Soluble Phosphorus in the Serum of Rabbits After an 
Injection of a Solution of Curare and of an Emulsion of Thujone 


Content, Mg. per 100 Ce. 
Amount of Thujone ~ 
Injected, Before Injection 30 Minutes after Change, 
Ce. per Kg. of Thujone Injection Percentage 
0.5 6.9 6.4 — 7 
0.75 4.9 5.6 +14 
0.75 7.1 5.9 —17 
0.75 5.8 5.6 —4 
Control] (after an injection 


of an emulsion of acacia) 4.1 3.9 == § 


TasBLE 4.—The Fractions of the Serum Phosphorus of Rabbits Following an 
Injection of an Emulsion of Thujone (0.75 Cc. of the Emulsion per 
Kilogram of Weight), in Milligrams per Hundred Cubic 
Centimeters of Serum 


Nonacid- Total 
Acid-Soluble Phosphorus Soluble Serum _ Increase, 
—— Phos- Phos- Per- 
Inorganic Organic Total phorus phorus centage 
1. Before 5.0 1.9 6.9 9.6 16.5 
ps 12.5 3.1 15.6 12.3 27.9 69 
2. Before Injection. 4.8 1.8 6.6 8.3 14.9 
8.2 23 10.5 9.6 20.1 35 
8. Before infection...........66.00% 4.2 1.5 5.7 5.8 11.5 
90 minutes After... ....5..06s050 8.1 22 10.3 8.2 18.5 61 
4. Before injection.........ccccoscses 5.7 1.8 7.5 4.3 11.8 
10.0 22 12.2 8.7 20.9 77 
5. Before injection... 6.4 2.1 8.5 5.0 13.5 
30 minutes after............000. 12.5 2.4 14.9 7.1 21.8 61 
Average increase, mg.......... ai 5.0 0.6 5.6 2.6 8.2 


Average increase, percentage...... 98.0 33.0 80.0 37.0 60.0 


Either hydrolysis of the organic serum phosphorus led to a shifting 
of the phosphorus values, or increased elimination of inorganic phos- 
phorus following removal of the products of hydrolization of phospho- 
lipids from the central nervous system or from the musculature of 
the body elevated the phosphorus level of the serum. In order to elimi- 
nate the second possibility the following experiment was carried out. 


Under local anesthesia tracheotomy was performed on rabbits, and a cannula 
was inserted into the trachea and connected with a respirator. Next, a 0.5 per 
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cent solution of curare was injected into a vein of the ear until respiration had 
stopped completely (about 1.5 cc. of the solution was needed). At that moment 
artificial respiration was begun. After a sample of blood had been taken from 
the heart, an emulsion of thujone was injected intravenously (from 0.5 to 0.75 cc. 
per kilogram of body weight). Shortly thereafter the pupils became dilated, and 
profuse salivation started. These symptoms lasted for from ten to thirty minutes. 
Blood from the heart was taken at regular intervals. 


It is evident from a comparison of tables 2 and 3 that the increase 


in the content of inorganic, acid-soluble serum phosphorus must be 
due to the increase in muscular activity during the convulsive seizure. 

A detailed analysis of the phosphorus fractions of the serum showed 
that during the convulsion the serum phosphorus as a whole was con- 


TaBLE 5.—The Fractions of the Serum Phosphorus of Rabbits After an Injection 
of an Emulsion of Thujone Preceded by an Injection of a Solution of Curare 
(0.75 Cc. of the Emulsion of Thujone and 0.5 Cc. of the Solution of 
Curare per Kilogram of Weight), in Milligrams per Hundred 
Cubic Centimeters of Serum 


Nonacid- Total 
Acid-Soluble Phosphorus Soluble Serum Change, 
~ Phos Phos- Per- 
Inorganic Organic Total phorus phorus centage 
Thujone injected 
Before injection.............. 4.9 0.6 5.5 7.0 12.5 
minutes 5.6 1.2 6.8 13.4 +7 
Thujone injected 
5.8 1.8 7.6 4.5 12.1 
5.6 1. 6.9 4.3 11.2 —7 
Acacia injected alone 
SO 3.9 5.4 9.3 5.8 15.1 +4 


siderably increased. This was due to a higher value of the nonacid- 
soluble phosphorus while the organic acid-soluble phosphorus remained 
relatively stable. 
COMMENT 

From our experiences it appears that the inorganic acid-soluble 
phosphorus content of the serum of the rabbit is rather unstable. 
Although all the experiments were carried out in the morning, when 
the animals had not been fed for at least twenty hours, the value under 
normal conditions fluctuated between 4 and 6 mg. per hundred cubic 
centimeters. If an animal was not treated carefully during the process 
of binding it on the board and during the injection and the least strug- 
gling took place, it was followed by an increase in this value. The 
increase under such conditions was in some instances as much as 7.5 
mg. In epileptic patients the phosphorus values usually returned to 
normal on the day following the convulsive seizure. However, in some 
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patients, in whom epileptic attacks occurred more frequently during 
the time of observation, the inorganic phosphorus content during the 
interval between seizures remained at a rather high level, of from 43 
to 4.6 mg. 

Despite individual fluctuations the results of both the human and 
the animal experiments were rather uniform. Each convulsive seizure 
was followed by an increase in the inorganic acid-soluble and the 
nonacid-soluble phosphorus, while the value for acid-soluble organic 
phosphorus remained relatively stable. The source of the surplus 
amount of serum phosphorus is in the musculature of the body, where 
it is liberated during the tonic-clonic contractions of the epileptic seizure 
and carried away by the blood. The experiments with curare establish 
this without doubt and eliminate the phospholipids of the central ner- 
vous system as a possible source for the increased amount of serum 
phosphorus. 

We are in agreement with Coombs, Searle and Pike,? who found 
in cats a rise in the inorganic calcium and phosphorus content of the 
blood after experimentally induced convulsions. 

We had the opportunity to take samples of blood during and after 
“epileptic equivalents” from a patient without convulsive seizures. The 
patient was a woman aged 35, who fainted suddenly during the examina- 
tion and in whom there developed a marked spasm of both lower 
extremities, together with a locked jaw, while the arms were not 
involved. This attack lasted for about ten minutes. Blood was taken 
immediately thereafter, and a second sample was removed after one 
hour. In both samples the inorganic acid-soluble phosphorus content 
was 3.4 mg. per hundred cubic centimeters. 


SUMMARY AND CONCLUSIONS 


During the epileptic seizure in man the inorganic phosphorus content 
of the serum is increased about 34 per cent. In rabbits in which con- 
vulsize seizures were produced experimentally by injections of an emul- 
sion of thujone, the inorganic acid-soluble phosphorus and the nonacid- 
soluble phosphorus content of the serum were increased 98 and 37 per 
cent, respectively. After immobilization of the musculature by means 
of curare, an injection of an emulsion of thujone did not increase the 
different phosphorus values. 

It is concluded that in man the tonic-clonic contractions of the mus- 
culature during an epileptic attack are the source of the increase in 
the serum phosphorus content. 


2. Coombs, H. C.; Searle, D. S., and Pike, F. H.: The Changes in the Con- 
centration of Inorganic Calcium and Phosphorus During Convulsions of Experi- 
mental Origin, Am. J. Psychiat. 13:761, 1934. 
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A CLINICAL AND NEUROPATHOLOGIC REVIEW, WITH REPORT 
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NEW YORK 


The fact that the nervous system may actually be invaded in the 
course of trichiniasis is not generally appreciated. Although the litera- 
ture since 1835, when Owen? described the parasite, is voluminous, 
few reports of neuropathologic studies on this disease have appeared. 
We have been able to find ten such articles. Reports of the actual 
demonstration of the parasite in the brain are limited to half this num- 
ber. On the other hand, clinical observations of abnormal neurologic 
signs have been reported more often. 

In the history of the early epidemics of trichiniasis one finds occa- 
sional reference to signs of involvement of the nervous system. As 
early as 1866 Kratz,? in a review of three hundred and thirty-seven 
cases, described patients who exhibited delirium, apathy, insomnia and 
anesthesia of the skin. Glazier * considered the cerebral manifestations 
important enough to include meningitis in the differential diagnosis. 
Previous observers were stated by Glazier to have seen dilatation of 
the pupils and photophobia (von Renz *) as well as papilledema. Nonne 
and Hoepfner® attempted to explain the mechanism for absence of 
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1. Owen, R.: Description of a Microscopic Entozoon Infesting the Muscles 
of the Human Body, London M. Gaz. 17:472, 1835-1836. 
2. Kratz, F.: Die Trichinen-Epidemie zu Hedersleben, Leipzig, W. Engel- 


mann, 1866. 

3. Glazier, W. C.: Report on Trichinae and Trichiniasis, Marine Hospital 
Document 84, United States Treasury Department, Washington, D. C., 1881. 

4. von Renz, W. T.: Die Trichinenkrankheit des Menschen insbesondere 
deren specielle Aetiologie und 6ffentliche Prophylaxis, Tiibingen, H. Laupp, 1867. 

5. Nonne, M., and Hoepfner, L.: Klinische und anatomische Beitrige zur 
Pathologie der Trichinenerkrankung, Ztschr. f. klin. Med. 15:455, 1889. 
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tendon reflexes, which they frequently observed, on the basis of the 
reactions to galvanic and faradic stimulation. They concluded that 
the motor end-plates and the nerves themselves were not involved and 
had no part in producing the contractures or absence of reflexes 
observed in persons with trichiniasis. The absence of reflexes and the 
contractures at the elbow, shoulder and knee were particularly stressed 
by Mosler and Peiper.® Stiffness of the masseter muscle and the muscles 
of the neck was severe enough in some cases to prevent chewing and 
swallowing. Restlessness, insomnia and delirium were again emphasized 
as noteworthy signs. 

In view of these varied neurologic findings, it is interesting that the 
parasite itself was not suspected in accounting for the cerebral signs 
and symptoms. In 1906 Frothingham* first demonstrated the larvae 
of Trichinella spiralis in the brain, as well as the cellular reaction to 
the parasite. In 1914 Van Cott and Lintz ® recovered living trichinas 
from the spinal fluid of a subject who exhibited neurologic signs and 
mental symptoms during the course of trichiniasis. This completed 
the chain of evidence necessary to support the work of Virchow ® and 
the passive transfer theory of Askanazy.’*° The latter observed the 
young embryos in the intestinal villi and expressed the belief that the 
passage thence was through the mesenteric nodes, the thoracic duct 
and the superior vena cava to the heart. This assertion was borne out 
by the anatomic studies of Virchow ® and Zenker,’' who observed the 
larvae in the mesenteric nodes and heart muscle, respectively. Then 
Cohnheim ?* saw the parasite in an infarcted section of the lung. More 
recently Frothingham‘ corroborated these studies by observing the 
trichinas in the mesenteric lymph nodes, sinusoids of the liver, lung 
and brain. 


6. Mosler and Peiper: Thierische Parasiten, in Nothnagel, C. W. H.: 
Specielle Pathologie und Therapie, Vienna, A. Holder, 1894, vol. 6. 

7. Frothingham, C.: A Contribution to the Knowledge of the Lesions Caused 
by Trichina Spiralis in Man, J. M. Research 15:483, 1906. 

8. Van Cott, J. M., and Lintz, W.: Trichinosis, J. A. M. A. 62:680 (Feb. 28) 
1914. 

9. Virchow, R.: Ueber Trichina Spiralis, Virchows Arch. f. path. Anat. 
18:330, 1860; Forlaufige Nachricht ther neue Trichinen-Fitterungen, ibid. 18: 
535, 1860; Zur Trichinen Lehre, ibid. 32:332, 1865. 

10. Askanazy, M.: Zur Lehre von der Trichinosis, Virchows Arch. f. path. 
Anat. 141:42, 1895. 

11. Zenker, F. A.: Ueber die Trichinenkrankheit des Menschen, Virchows 
Arch. f. path. Anat. 18:561, 1860. 

12. Cohnheim, J.: Zur pathologischen Anatomie der Trichinenkrankheit, 
Virchows Arch. f. path. Anat. 36:161, 1866. 
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It remained only to demonstrate the parasites in the blood and spinal 
fluid. This was accomplished when Herrick and Janeway,’ in 1909, 
recovered the parasite from the blood, and Van Cott and Lintz,’ in 
1914, discovered trichinas in the spinal fluid. The cycle and passage of 
T. spiralis in man, then, as the evidence has been pieced together from 
pathologic studies, may be summarized as follows: The adult worms 
develop in the intestine of man after the ingestion of “measly pork.” 
After copulation between the sexes, the larval trichinas are deposited 
in the intestinal villi. The progression, then, to the right side of the 
heart is through the mesenteric lymph nodes, the thoracic duct and the 
superior vena cava. After passage through the lungs to the left side 
of the heart, dissemination to the muscles, viscera and brain takes place 
via the blood stream. Thus the clinical manifestations and the patho- 
logic changes associated with trichiniasis are seen to be the result of 
passage through or lodgment in the affected part. 


REVIEW OF NEUROPATHOLOGIC STUDIES 

Frothingham* in 1906 showed areas of cellular infiltration in the 
brain substance within which the trichina embryo sometimes appeared. 
The cells of the infiltration he described as “chiefly endothelial and 
neuroglial cells with an occasional leucocyte and lymphocyte.” In addi- 
tion, many areas of slight hemorrhage in the cerebrum were described. 

Knorr '* in 1912 studied the brain in a case of trichiniasis in which 
autopsy had been performed by Grubler in 1911. The latter had noticed 
injection of the pia and turbid patches, as well as hemorrhagic spots 
on the surface of the brain. Knorr described round cell infiltration 
in the meninges and made a diagnosis of leptomeningitis. He did not 
mention observation of the parasites. 

Bloch and Hassin** in 1917 examined a patient with trichiniasis 
whose death followed an illness in which the clinical picture indicated 
diffuse involvement of the cerebrum. The patient had headache, gen- 
eralized and jacksonian seizures, left hemiparesis, bilateral pyramidal 
tract signs and coma prior to death. Examination of the spinal fluid 
showed increased pressure and a positive reaction for globulin. Grossly 
the brain showed intense-meningeal congestion, edema of the posterior 
half of the right hemisphere and slight opacity of the pia. Micro- 
scopically, throughout the brain there were numerous spaces, which 


13. Herrick, W. W., and Janeway, T. C.: Demonstration of the Trichinella 
Spiralis in the Circulating Blood in Man, Arch. Int. Med. 3:263 (April) 1909. 
14. Knorr, H.: Beitrag zur Kenntnis der Trichinellenkrankheit des Menschen, 
Deutsches Arch. f. klin. Med. 108:137, 1912. 
15. Bloch, L., and Hassin, G. B.: Trichinosis Complicated by Encephalitis, 


M. Rec. 91:537, 1917. 
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occasionally contained a capillary or a fragmented ganglion or glia cell, 
Sometimes these spaces were filled with glia cells or lymphocytes. The 
margins showed thin nerve fibers forming concentric rings. The spaces 
were especially numerous in the cortex and gave the brain an état criblé 
appearance. The ganglion cells showed all the signs of degeneration 
and were often surrounded by large spaces, which were in turn sur- 
rounded by neuroglial tissue. This glial reticulum was also seen around 
the spaces and capillaries. The vessels were engorged, and small capil- 
lary hemorrhages were occasionally seen. The meninges were infiltrated 
and showed distended vessels. 

Hassin and Diamond '° in 1926 contributed a comprehensive neuro- 
pathologic report of a case of trichiniasis with involvement of the central 
nervous system. The patient was drowsy and semidelirious throughout 
a stay of four days in the hospital and died three weeks after the initial 
infection. The pia and brain grossly showed congestion. Spinal fluid 
removed postmortem revealed the trichina larvae. 

Microscopically the pia-arachnoid throughout the brain was markedly 
infiltrated with lymphocytes, mesothelial cells, fibroblasts, macrophages 
and plasma and gitter cells. In addition, there were masses of eosino- 
phils surrounding embryonic trichinas. The état criblé described by 
Bloch and Hassin ?° was again demonstrated, but the authors expressed 
the opinion that the pathologic significance was questionable. Nodules 
of glia cells invariably enclosed the parasite. These glia cells were 
polymorphous and formed a syncytium. The nodules were observed 
throughout the white substance of the brain but were absent from the 
cortex. Rarely the parasite was present in the parenchyma without any 
reaction. The blood vessels were infiltrated with lymphocytes and _ poly- 
blasts, which did not invade the surrounding parenchyma but were 
confined to the Virchow-Robin spaces. Trichinas were observed in these 
infiltrations. The endothelium of the vessels and capillaries was hyper- 
trophied and showed the presence of lipoid substances. Ganglion cells 
displayed all stages of degeneration, in contrast to the glial elements, 
which showed proliferative phenomena. Parasites were seen lying free 
in the cavity of the fourth and lateral ventricles. The stroma of the 
choroid plexus was extremely hyperplastic. Altogether, the picture was 
one of acute nonsuppurative encephalitis showing degenerative and 
inflammatory reactive phenomena. The lipoid accumulations and changes 
in the ganglion cells were interpreted as degenerative manifestations 
produced by the toxins of the trichinas. The nodules and the perivas- 
cular infiltration, on the other hand, were interpreted as inflammatory 


16. Hassin, G. B., and Diamond, I. B.: Trichinosis Encephalitis, Arch. Neurol. 
& Psychiat. 15:34 (Jan.) 1926. 
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reactive phenomena to the parasites themselves. According to the 
authors, the parasites enter the brain substance through the capillary 
walls, which react with proliferation of the endothelium. In the paren- 
chyma they are surrounded by the reactive nodules and are destroyed. 
Some are carried to the perivascular spaces and eliminated into the 
ventricles and subarachnoid space, appearing in the spinal fluid. 

Gruber,’*’ Gruber and Gamper?® and Gamper and Gruber,” in a 
series of three papers which appeared in 1927 and 1928, corroborated 
the previous neuropathologic observations. In addition, they described 
areas of clearing in the cortex, which they asserted to be caused by 
thrombosis or embolus. There were no parasites near these areas, but 
lipoid changes were observed in the region of the lesions and independent 
of them. Glial nodules, occasionally containing the parasite, were 
observed in the centrum ovale, basal ganglia and spinal cord. 

Von Herrenschwand *° observed nodules and fragments of the para- 
site in the retina. 

Pavlica ** in 1927 observed changes in the brain at an autopsy per- 
formed on a subject who died of trichiniasis. The gross and microscopic 
changes were given briefly and were considered “the usual changes seen 
in toxic states.” 

Filinski ** reported a case of trichiniasis with fatal outcome in which 
thrombosis of the superior sagittal sinus and an area of hemorrhagic 
softening in the left temporal lobe extending to the internal capsule 
were observed. Clinically, the patient presented right hemiplegia, apha- 
sia and absence of deep and superficial reflexes. No larvae were 
observed in the brain. 

Pund and Mosteller ** in 1934 published a description of the brain 
in a case of trichiniasis in which drowsiness and delirium preceded death 


17. Gruber, G. B.: Ueber die Trichinose und Ihre Bekampfung, Wien. klin. 
Wehnschr. 40:1629, 1927; Die Pathologie der Trichinose, Miinchen. med. 
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twenty-three days after the onset of the illness. The changes were in 
no way different from those described in the preceding reports. 

Gordon and his associates ** recently contributed the report of a 
case of trichinosis with a clinical picture of encephalitis, in which only 
nonspecific changes were demonstrated in the brain at autopsy. 

We have recently observed two cases of trichiniasis in which the 
diagnosis was proved histologically and the manifestations of involve- 
ment of the central nervous system predominated. In one case there 
was spontaneous recovery, in the other, a fatal termination. In the 


latter instance pathologic study included the central nervous system. 


REPORT OF CASES 


Case 1.—Hustory.—N. S., an Irish housewife aged 42, was admitted to a med- 
ical ward of the Bellevue Hospital on Feb. 6, 1934, complaining of weakness of 
the left arm and helplessness. The onset of the illness dated from ten days before 
her admission to the hospital, when she became ill with fever, headache, pains in 
the back and retching as outstanding symptoms. ‘Treatment was directed to combat 
a supposed infection of the upper respiratory tract, but when, four days after the 
onset of the illness, delirium and helplessness supervened, admission to a hospital 
was sought. Additional history obtained several days later revealed that one day 
prior to the patient’s illness her son, aged 9 years, was very ill with fever and 
swollen eyelids. It was learned that the patient likewise had swollen eyelids 
early in the illness. No history of the ingestion of pork products could be obtained. 

Mental Examination.—On admission to the hospital the patient was depressed; 
she responded slowly to all questions and was retarded in her expressions; she 
would not eat unless fed and was emotionally unstable, crying at the slightest 


provocation. 


Physical Examination.—The patient was slender, well developed and well nour- 
ished; she lay flat in bed and did not appear acutely ill. There were no gross 
abnormalities of the head; no tenderness of the sinuses was elicited or facial edema 
noted. Except for slight coating of the tongue and several carious teeth the mouth 
was normal, There were no remarkable findings in the neck. The chest was sym- 
metrical and well developed, and the breasts were well formed and well preserved 
for the patient’s age. The lungs were clear. Examination of the heart showed the 
point of maximum impulse to be in the fifth intercostal space, within the midclavic- 
ular line. The sounds at the apex were of good quality, and no murmurs or thrills 
were heard or felt. At the base the aortic second sound equaled the pulmonic second 
sound. The rhythm was regular and sinus in type. The pulse rate was 70 per 
minute and of good quality, and the blood pressure was 110 systolic and 80 diastolic. 
There was no evidence of peripheral sclerosis of the blood vessels. No masses or 
viscera were palpated in the abdomen, and no rigidity or tenderness was noted. 
The extremities showed no cyanosis, clubbing or edema. There was no muscular 
tenderness. 

24. Gordon, M. B.; Cares, R., and Kaufman, B.: Encephalitis and Myocarditis 


in a Fatal Case of Trichinosis, J. Pediat. 5:667, 1935. 
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Neurologic Examination—Gait: The patient did not swing her left arm when 
she walked. Cranial Nerves: The pupils were unequal and reacted sluggishly 
to light and in accommodation; the fundi were normal; the visual fields were 
grossly intact, and the extra-ocular movements were normal; there was a sug- 
gestion of weakness of the lower part of the left side of the face; examination 
of all other cranial nerves gave normal results. Reflexes: All deep reflexes on 
the left were slightly more active than those on the right; all abdominal reflexes 
were absent; there were Babinski and Oppenheim signs on the left. No Hoff- 
mann sign was elicited. 

Sensory Status: There was no impairment of superficial or deep sensation 
Coordination was intact. Muscle Status: There was weakness of the grip of 
both hands, more marked on the left; a sinking reaction of the left arm was 
shown in the extended position. The trophic status and sphincteric control were 
normal. There was no aphasia, apraxia, alexia or abnormal movements. 

Laboratory Data—Urinalysis on February 7 revealed: a straw color, an acid 
reaction, specific gravity of 1.018 and no albumin or dextrose. Microscopic exam- 
ination gave normal results. A blood count on February 13 showed: red cells, 
4,400,000, hemoglobin 12.3 Gm. per hundred cubic centimeters, white cells 5,300, 
polymorphonuclear neutrophils 34 per cent, myelocytes 2 per cent, lymphocytes 
26 per cent, monocytes 3 per cent, basophils 1 per cent and eosinophils 31 per cent. 
The Wassermann reaction of the blood was negative. The spinal fluid.was clear 
and under normal pressure, with no globulin or cells; no trichinas were observed. 
The Wassermann reaction of the fluid was negative. The colloidal gold test gave 
no precipitation. 

An electrocardiogram revealed: auricular and ventricular rates 90 per minute, 
PR interval 0.16 second and the QRS complex 0.08 second; sinus arrhythmia; 
deviation of the electrical axis to the left; an iso-electric T wave in lead I and 
an inverted ‘I wave in leads II and III, and a slurred QRS complex wave in 
lead IIT. 

The cutaneous test gave a positive reaction in a dilution of 1: 10,000 with 
trichinella antigen. 

Biopsy of the muscle on February 15 revealed numerous free and encysted 
larval forms of T. spiralis. 

Course of Illness —Although the patient was not acutely ill on admission to the 
hospital, she was depressed, would not eat unless fed, cried easily and refused 
medication. She was therefore transferred to the medical service of the psychiatric 
division after several days’ stay in a medical ward. At this time she presented a 
clouded mental picture. She appeared dull and disinterested. She answered 
questions briefly and without giving them much consideration. She said: “This 
is February 1912. I’m in Flower Hospital. I don’t remember what year I was 
bern. You ask these foolish questions. What do you think I am? Why ask 
those foolish questions? I won’t answer.” Her responses were retarded, and her 
attention was poor. She was disoriented, and her memory showed marked defects 
for both recent and remote events. She lacked insight into her mental state. 
Because of these findings and the persistent neurologic signs presented in the 
examination, an organic lesion of the central nervous system was suspected. The 
additional history of facial edema and the eosinophilia, with a count of 31 per 
cent, suggested trichiniasis. This diagnosis was confirmed when the parasite was 
observed in the freshly teased specimen removed from the deltoid muscle. A 
blood smear obtained from the patient’s son, aged 9 years, who likewise prior to 
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his mother’s illness had had fever and facial edema, revealed eosinophilia, with a 
count of 20 per cent. Complete examination otherwise revealed nothing abnormal. 
The patient was placed on a diet high in calories and was given symptomatic 
treatment. Her only complaints were acroparesthesias in the left hand and weak- 
ness in the left arm. The disorientation, apathy, defects in memory and emotional 
instability early noted soon disappeared. Strength quickly returned, and in a 
month the patient was clear, bright, cooperative and cheerful, with no complaints 
and perfect insight into the whole illness. The neurologic and mental status was 
normal on her discharge from the hospital, thirty-nine days after her admission, 
Reexamination one year after her discharge revealed subjective numbness and 
tingling in the finger-tips of the left hand and weakness in the right leg. Objec- 
tively, the left ankle jerk was more active than the right, and there was motor 
weakness in the left hand. 


The features of especial interest in this case were the mental picture, 
which was of the organic reaction type, and the neurologic signs. Pupil- 
lary changes are unusual in association with trichiniasis. These changes, 
with other neurologic and psychiatric signs, suggested a diagnosis of 
epidemic encephalitis early in the course of the patient’s illness. How- 
ever, eosinophilia and the observations at biopsy soon established the 
more probable diagnosis. The occurrence of focal signs in trichiniasis 
has been previously described. The weakness in the extremities noted 
in this case, then, was not unusual. Sterling *° reported two cases of 
hemiplegia occurring during the course of trichiniasis. In one instance, 
that of a woman of 21, hemiplegia and disturbance in tactile and deep 
muscle sense on the right side, as well as motor aphasia, were observed. 
The second case was that of a physician, aged 56, who was comatose 
for twelve days. With the return of consciousness left hemiplegia was 
noted. Nine years later there was still evidence of paresis on this side. 
Merritt and Rosenbaum *° reported two cases of involvement of the 
nervous system. In one there was hemiplegia, from which the patient 
apparently recovered ; in the other, there were extreme muscular weak- 
ness and absence of tendon reflexes. Spink and Augustine ** referred 
to a patient in whom permanent right hemiplegia developed during the 
course of the disease. Dandy ** observed a case of epilepsy following 
an attack of trichiniasis, in which the diagnosis was proved. In this 
instance roentgenologic study revealed a calcific focus in the subrolandic 

25. Sterling, W.: Les troubles nerveux de la trichinose, Rev. neurol. 1:435, 
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26. Merritt, H. H., and Rosenbaum, M.: Involvement of the Nervous System 
Trichiniasis, J. A. M. A. 106:1646 (May 9) 1936. 
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area. Bloch and Hassin*° observed jacksonian seizures and left hemi- 
paresis in a case in which there was a fatal termination. At necropsy 
the brain showed grossly intense edema of the posterior half of the 
right hemisphere. This may well have been the mechanism for the 
production of the weakness in the extremities observed in case 1 in 
our series. The myasthenic features which we observed recall those 
in a case reported by Bants, Alberca Lorente and Aldama Truchuelo *® 
of what they termed the pseudomyasthenic form of trichiniasis. The 
clinical picture they described was typically that of myasthenia gravis, 
but trichinas were observed in the muscles. In evaluating the role of 
the parasite in cases of combined trichiniasis and myasthenia, it must 
be borne in mind that the invasion of already paralyzed or weak muscles 
by trichinas may take place (Berger and Stahelin *°). From this it is 
evident that trichiniasis should be considered in the differential diag- 
nosis of myasthenia gravis. To sum up, in the present case, the weak- 
ness of both upper extremities, with definite evidence of the presence 
of the parasite in the muscles locally, and the absence of the Hoffmann 
sign, suggest strongly that the paresis was of the myasthenic type. 


Case 2.—History.—M. K., a man aged 48, was admitted to the medical service 
of the psychiatric division of the Bellevue Hospital on Oct. 26, 1934. There was 


a questionable history of excessive alcoholism. In addition, he admitted having 


had a chancre many years ago and described intravenous and intramuscular 
medication. 

Six weeks prior to his admission to the hospital, the patient and two friends 
ate uncooked chopped meat. Gastro-intestinal symptoms developed in all. On 
the morning following the ingestion of the meat the patient vomited, and diarrhea 
developed, with watery stools. Vomiting occurred only two or three times, and 
the diarrhea subsided after one week, with symtomatic treatment at home. How- 
ever, the patient became bedridden soon after the onset of his illness because of 
extreme weakness. His condition remained unchanged for two weeks, during 
which time generalized weakness predominated. At this time pneumonia was said 
to have developed, from which he recovered in about ten days. Since, he had 
become progressively weaker and was unable to care for his personal needs. There 
was no history of muscular pain at any time, but vomiting, diarrhea and weakness 
were outstanding. Two weeks before his admission the patient’s wife noticed that 
he had generalized edema and limitation of motion of both elbow joints. Since the 
development of the alleged pneumonia he exhibited mental symptoms, which per- 
sisted up to the time of his admission. During the patient’s stay in the hospital 
it was learned that his friends who had eaten the uncooked meat with him also 
became sick the next day. Investigation disclosed that they had been admitted 

29. Rants, J. S.; Alberca Lorente, R., and Aldama Truchuelo, J. M.: La 
forma pseudomiasténica de la triquinosis, Rev. méd. de Barcelona 8:103, 1927. 

30. Berger, E., and Stahelin, A.: Studien tiber den Mechanismus der Tri- 
chinelleninfektion: IV. Das Verhalten gelahmter Muskeln, Zentralbl. f. Bakt. 
(Abt. 1) 108:397, 1928. 
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to New York hospitals, where the diagnosis of trichiniasis was established, and 
that recovery in both cases had been rapid, uneventful and complete. 

Mental Examination.—The patient was clouded and disoriented as to time and 
place. Memory showed gross defects, especially for more recent events. He 
showed a tendency to confabulate. His stream of thought was rambling, and he 
gave a disconnected account of his illness in a hesitant fashion. He said: “] 
suppose you got a report of my bathing—they gave me a bath. I guess you got 
something out there, too. I don’t know how to illustrate those things. I’m jot 
sure of the date. Is it Friday or Saturday—or Tuesday? It’s October 1935. 
What place is this? Let me see—this is the . . .—it isn’t an eye and ear 
hospital, is it? I forgot the name.” His judgment was impaired, and insight was 
lacking. Calculation was poor. He denied having had any hallucinations or 
delusions. 

Physical Examination—The patient appeared pale and chronically ill. The 
respiratory rate was 18 and the pulse rate 106 a minute. There was no cyanosis 
or dyspnea. There was marked anasarca of all the body tissues, severest in the 
dependent portions. The edema pitted easily and seemed to involve the underlying 
muscles. The tongue was smooth and red and protruded in the midline. The 
neck was not stiff. The ears and nose were essentially normal. The lungs exhib- 
ited fine, moist rales at the bases on auscultation, but no frank signs of pneumonia 
were observed. In examining the heart the point of maximum impulse could not 
be seen or felt. The heart sounds at the apex were of fair quality. No murmurs 
or thrills were heard or felt. The rhythm was regular and of the sinus type. 
The ventricular rate was 106 a minute. At the base the aortic second sound 
equaled the pulmonic second sound. The blood pressure was 96 systolic and 
50 diastolic. The abdomen was soft and was not distended. The edge of the 
liver was not tender and was felt 2 fingerbreadths below the costal margin. The 
upper extremities showed limitation of extension at the elbows beyond 120 degrees, 
apparently due to contracture of the biceps muscles. 

Neurologic Examination.—Cranial Nerves: The pupils were slightly unequal 
but reacted promptly to light and in accommodation; the fundi were normal; the 
extra-ocular movements were normal and the visual fields grossly intact; all other 
cranial nerves were normal. Reflexes: The triceps and periosteal reflexes in the 
upper extremities were present and equal on the two sides; the biceps reflex was 
not obtained on either side; the abdominal reflexes, as well as the tendon reflex 
in the lower extremities, were absent. Sensory Status: There was a suggestion 
of diminution in superficial sensation in a peripheral distribution in all the extremi- 
ties; position and vibration sense were intact. Trophic Disturbances: There was 
some scaling of the skin. There was no aphasia, apraxia, alexia or abnormal 
movements. 

Muscle Status: There was wasting of the interosseous muscles of both hands. 
Because of the marked edema, atrophy of other muscles and fibrillations could not 
be evaluated. There were, as already described, contractures at the elbow and 
phalangeal joints on both sides. All extremities were extremely weak. Coordina- 
tion, as well as it could be tested, was normal. Sphincteric control remained 
intact. 

Laboratory Data.—Urinalysis on October 26 revealed: a clear amber color, an 
acid reaction, specific gravity of 1.020, a trace of albumin and no dextrose; micro- 
scopically there were no formed elements. A second examination, on October 31, 
showed: an orange color, an acid reaction, specific gravity of 1.020, a trace of 


MOST-ABELES—TRICHINIASIS 599 


albumin, no dextrose or acetone and the presence of urobilinogen in dilution of 
1:10; microscopically there were 2 granular casts per high power field and 
amorphous urates. 

A blood count on October 26 revealed: red cells 4,270,000, hemoglobin 14 Gm. 
per hundred cubic centimeters, white cells 11,750, polymorphonuclear neutrophils 
83 per cent, metamyelocytes 3 per cent, lymphocytes 13 per cent and eosinophils 
1 per cent. A differential white cell count made daily failed at any time to reveal 
eosinophilia. The Wassermann reaction of the blood was negative; the blood type 
was group III (Jansky), and the nonprotein nitrogen content was 23 mg. per 
hundred cubic centimeters. 

Examination of the spinal fluid showed a crystal clear fluid, under normal 
pressure, with no globulin or cells; reducing body was present; no trichinellas 
were seen. 

The stool contained excess mucus but no pus, blood, ova, cysts or parasites. 

An electrocardiogram revealed: auricular and ventricular rates 120 a minute, 
PR interval 0.17 second and QRS 0.08 second; no deviation of the electrical axis; 
slurred QRS complex in all leads, and iso-electric T wave in leads II and III. 

Course —The clinical picture presented at first suggested a deficiency disease. 
The history of excessive alcoholism with inadequate diet, the smooth tongue, the 
vomiting and diarrhea, the anasarca, the low blood pressure and tachycardia in 
the absence of fever and the neurologic evidence of involvement of the cerebral 
and peripheral nerves suggested the “wet” form of beriberi. The absence of 
eosinophilia retarded the making of the proper diagnosis. The additional history 
of proved trichiniasis in two of the patient’s friends who ate uncooked meat with 
him before his illness suggested the diagnosis. 

The patient continued to be acutely ill. He was helpless, delirious and apathetic 
and suffered from diarrhea. The course was progressively downward, despite 
intensive supportive therapy, including a transfusion of 500 cc. of whole blood. 
The blood pressure gradually fell from 100 systolic and 56 diastolic to 90 systolic 
and 44 diastolic. The pulse rate remained elevated at about 120 a minute. Two 
days before death signs of consolidation of the lower lobe of the left lung 
were noted. The temperature, which previously had remained below 100 F., 
rose to 103 F., and the patient died one week after admission to the hospital, 
or about seven weeks after the onset of illness. 

The medical diagnosis was (1) trichiniasis, with involvement of the central 
nervous system and clinical “wet” beriberi, (2) lobular pneumonia and (3) syphilis 
and chronic alcoholism (from the history). 


Edema of the eyelids is well known in association with trichiniasis, 
but anasarca of the degree noted in this case is unusual. Extensive 
dependent edema has been referred to in reports of large epidemics. 
More recently, Conner *! called attention to edema in reviewing the 
atypical clinical forms of trichiniasis. The similarity between the symp- 
toms and signs which were observed in this case and those seen in the 
wet form of beriberi is outstanding. The history of inadequate diet with 
excessive alcoholism, the mental picture, the signs of involvement of 
the central nervous system and peripheral nerves, the smooth tongue, 


31. Conner, L. A.: Atypical Clinical Forms of Trichinosis, Ann. Int. Med 
3:353, 1929. 
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the vomiting and diarrhea, the contractures, the anasarca and the tachy- 
cardia without fever strongly suggested beriberi. The deficient diet fob 
a month and the increased metabolism associated with fever during the 
course of the intercurrent pneumonia, as well as the diarrhea and 
vomiting, surely depleted the store of vitamin B, in the body. That 
this occurs under circumstances described in this instance was recently 
pointed out by Cowgill ** and Jolliffe and Joffe.** It was at first con- 
sidered that part of the metabolic and neuritic components in case 2 
might easily be accounted for by the specific vitamin deficiency. How- 
ever, the inflammatory reaction to the extensive and widespread invasion 
by the parasites undoubtedly contributed in forming the final clinical 
entity. 

The absence of eosinophilia in this case, especially in view of the 
fatal outcome, is noteworthy. This fact should be borne in mind as a 
diagnostic and prognostic aid. That eosinophilia may be absent early 
in the course of severe infection has been observed previously ( Pepper *4 
Hickling *° and Walker °°). The complete absence of eosinophilia dur- 
ing fatal trichiniasis has likewise been described (Aldridge,*’ Reifen- 
stein, Allen and Allen ** and Willett and Pfau **). It is interesting 
that the two friends of our patient, in whom trichiniasis also developed 
from eating the same uncooked chopped meat but who recovered, both 
exhibited marked eosinophilia. Our patient, in whom eosinophilia never 
developed while he was under observation, died. The failure of eosino- 
philia to develop during the course of trichiniasis should be regarded 
as a grave prognostic sign. 

The absence of tendon reflexes noted in this case has been frequently 
observed in cases of trichiniasis. Numerous experiments have been con- 
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ducted to explain the mechanism for the disappearance of the reflexes. 
Some investigators (Nonne and Hoepfner * and Weitz *°) expressed the 
belief that the nerves themselves were not involved in the mechanism 


and Schoen- 


involving the absence of reflexes. Others (Chasanow 
horn #2) stated that neuritis either existed per se or was like that seen 
in the course of infectious disease. Neuritis of the latter type has 
recently ** been shown to be due in many instances to vitamin deficiency. 
It semes to us that when marked edema and destruction of muscle exist 
the explanation for the changes in the reflexes is to be found in local 
extraneural disturbances. If, on the other hand, muscular atrophy and 


sensory changes are present, actual neuritis probably exists. 


General Observations at Autopsy (Dr. J. Redish and Dr. E. Clark)—Necropsy 
was performed seven hours after death. There were marked pretibial edema and 
pitting edema, which extended to the thorax, but there was no edema of the face 
There were no other noteworthy external changes 

The subcutaneous tissues exhibited a moderate amount of edema. The liver 
did not extend below the costal margin. The peritoneal sac was smooth and free 
from fluid or adhesions. No adhesions were observed in either pleural sac, but 
each contained about 200 cc. of cloudy amber fluid. The precordial area did not 
appear enlarged 

Gross Examination of Organs: The lungs showed evidence of lobular pneu 
monia and atelectasis. The heart weighed 200 Gm. and appeared normal. The 
aorta exhibited diffuse focal atherosclerosis, with ulceration in several areas and 
longitudinal wrinkling in the arch. The liver weighed 1,400 Gm. and appeared 
normal in color and on section. The gallbladder, biliary passages and portal vein 
were normal. The spleen appeared of normal size and weighed 150 Gm. A large, 
sharply demarcated, whitish discoloration and several smaller yellowish areas 
were visible on the surface of the organ. These were interpreted as areas of 
infarction. The gastro-intestinal tract, which was opened from the esophagus to 
the rectum, appeared normal throughout, except in the fundus of the stomach, 
where numerous submucosal hemorrhages the size of a pinpoint were observed 
The kidneys were of normal size and weighed 120 Gm. each; the capsules stripped 
easily, revealing a smooth surface. Each kidney showed one or two irregular, 
depressed yellow scars, measuring about 0.5 cm. in diameter and extending about 
the same distance into the cortex. The scars were firm and sharply demarcated 
and were considered to be small infarcts. The pelves, ureters and calices were 


normal. The pancreas, adrenals, bladder, prostate and testes appeared normal 
I PI 


Microscopic Examination: This confirmed all the gross observations. Ir 
addition, there was discovered evidence of chronic passive congestion and alveolar 
hemorrhage in the lungs; healed mesaortitis, probably of syphilitic origin, in th 
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arch of the aorta; periportal fatty change in the liver; mild fibrosis of the spleen: 
considerable autolysis and congestion of the adrenals, and arteriosclerosis of the 
kidneys. Sections taken from the diaphragm revealed numerous encysting larvae 
of T. spiralis, with considerable edema and inflammatory reaction to the presence 
of the parasites. 

The pathologic diagnosis was chronic passive congestion, lobular pneumonia, 
atelectasis and alveolar hemorrhage in the lungs; atherosclerosis and healed mes- 
aortitis (syphilitic) ; periportal fatty change in the liver; fibrosis and multiple 
recent infarction of the spleen; congestion and autolysis of the adrenals; infarction 
and arteriosclerosis of the kidneys; trichiniasis involving the muscles; diffuse 
myositis and submucosal hemorrhages of the stomach. The general diagnosis was 
trichiniasis, anasarca, hydrothorax and hydropericardium. 

Neuropathologic Observations —Gross Appearance: On removal of the cal- 
varium the dura stripped with ease. No increase in fluid was noted. The surface 
and base of the brain appeared grossly normal. The pituitary body was removed 
but showed no change. The spinal canal was opened and the cord removed. No 
abnormal changes were visible to the naked eye. 

The brain was fixed in a dilute solution of formaldehyde U. S. P. (1:10). 
Specimens for microscopic study were taken from the occipital, parietal and 
frontal areas of the cortex; from the basal ganglia, midbrain, cerebellum and 
medulla, and from the spinal cord and peripheral nerves. The tissues were 
embedded in pyroxylin and paraffin and were stained with hematoxylin and eosin, 
Van Gieson’s method, Mallory’s phosphotungstic acid hematoxylin and Loyez’ 
stain for myelin sheaths. Frozen sections were employed in carrying out Hortega’s 
stain for neuroglia, Globus’ modification of Hortega’s stain for microglia and the 
sudan III stain for fat. 

Microscopic Changes: The most conspicuous and specific changes throughout 
the central nervous system were manifested by (1) the presence of granulomatous 
nodules, (2) the appearance of the parasite in the parenchyma of the brain antd 
(3) the evidence of pathologic alterations in and around the blood vessels. 


1. The nodule was a granulomatous collection of cells varying in size from an 
aggregate of merely a few cells to a denser collection attaining the extent of a 
medium-sized arteriole in cross-section. The lesion was well defined and easily 
recognized and appeared round or elliptic in a plane view. 

The distribution of these nodules did not follow any particular pattern. They 
appeared as isolated and discrete lesions scattered throughout the brain substance. 
They occurred most frequently in the subcortical white substance, especially in 
the areas subjacent to the cortex, quite commonly in the deeper layers (layers 4 
and 5) of all parts of the cortex, only in scattered areas in the basal ganglia, mid- 
brain and pons and rarely in the cerebellum, spinal cord and more superficial layers 
of the cortex. 

In studying the composition and cellular elements of these granulomas, it was 
discovered with aid of the special stains that the nodules were of two forms and 
that they differed from one another in their cell types. Nodules of the first 
variety were made up entirely of microglial elements and appeared rather fre- 
quently in the sections (figs. 1 and 2). The second form was more common and 
was made up of several different cell elements. One type had a small, round, 
deeply staining nucleus and appeared to be a lymphocyte; another cell type, which 


occurred as often as the first, was a large cell rich in cytoplasm, with a vesicular, 
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polymorphous nucleus. Plasma cells were present occasionally, but neither 
microglia nor macroglia cells could be observed in these nodules. Finally, while 
no trichinas were present in the nodules of the first type, that is, the form made 
up wholly of microglia cells, parasites were frequently, though not invariably, 
observed in nodules of the second type. 

2. The parasites were the filariform larvae of T. spiralis and undoubtedly 
reached the central nervous system by way of the blood stream. The organisms 
varied in size from a mere fragment to almost 100 microns, which is the length 
of the whole larva, depending on the position and plane of section through the 


Fig.1.—Section showing nodules (N’)) made up of microglial elements. 


embryo. Detection of the parasite was rendered simple by the presence of a large 
number of coarse, deeply staining granules within the body (fig. 3) and by the 
cellular reaction around it. This reaction, i. e., the granulomatous nodule, varied 
from a few cells forming an incomplete and irregular wall of one or two layers 
around the parasite (fig. 3) to a more dense accumulation of cells almost obscuring 
it (fig. 4). Occasionally the area immediately surrounding the nodule was clear, 
amorphous and devoid of cells (fig. 5). This was apparently a small area of 
necrosis and helped to set off the nodules and the parasites contained therein. No 
parasite was observed in the parenchyma which had no reaction around it. 

3. The marked changes observed in the blood vessels of the brain were a 
striking feature in the neuropathologic picture. Perivascular infiltrations were 
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Fig. 2—d (x 100) and AR (higher magnification), showing structure of 

nodules of the microglial type 


Fig. 3.—Section showing a parasite containing numerous coarse, deep-staining 
granules and cellular reaction of one or two layers. 


Fig. 4.—Section showing an area of dense reaction about the parasite. 
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observed throughout the brain, but especially in the cortex, the adjacent subcortex 
and the basal ganglia. These changes were noted around the veins, as well as the 
smaller and larger arterioles. The perivascular infiltrations varied from a few 
accumulated cells in the Virchow-Robin spaces to dense accumulations many layers 
deep (fig. 6). The cells were almost always limited to these spaces and did not 
infiltrate the parenchyma. The cells which made up the infiltrations were of 
several types: fibroblasts with large vesicular, polygonal nuclei; occasional poly. 
morphonuclear leukocytes, plasma cells and gitter cells, and, scattered among all 
the cells, small, round, darkly staining nuclei resembling lymphocytes. No eosino- 


] 


Fig. 5.—Section showing a nodule with a clear, amorphous area surrounding 
the parasite. 


phils were observed. There was evidence of hemorrhage in the form of pigment 
and fragmented, as well as whole, erythrocytes. A moderate amount of fat was 
present in these perivascular infiltrations. Only rarely was a parasite observed 
in the infiltrating elements around the vessels (fig. 7). In one instance a 
trichina was present in the perivascular space, with no reaction around it and 
very little around the vessel. Only occasional reactions existed around the 
capillaries, usually in the vicinity of a granulomatous nodule, and when present they 
consisted of a wall of microglia cells. 

Other less specific changes were also observed involving the blood vessels. 


There were generalized engorgement and hyperemia. In the periventricular 
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areas just below the ependymal layer the engorgement of the vessels was extreme, 
and there were numerous pericapillary hemorrhages. There was no glial or other 
reaction around these hemorrhages, which appeared of recent origin. However, 
in other parts of the brain, especially in the cortex, fragmented erythrocytes and 
pigment were seen in the parenchyma in the vicinity of the vessels. Also, the glial 
reaction around the vessels was most marked in the areas where hemorrhages 


Fig. 6—Sections showing perivascular infiltrations in the Virchow-Robin spaces. 


were most numerous. Many smaller vessels showed hyalinization of their walls 
(fig. 6). This was observed in vessels both with and without infiltrations around 
them. Occasionally there was swelling of the endothelial cells of the intima of 
the smaller vessels. Many vessels, especially in the white substance immediately 
below the cortex, had edematous spaces around them. The parenchyma adjacent 
to some of the larger vessels, especially in the midbrain, showed a limited area of 


vacuolation and had a racemose appearance. 
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The architectonics of the cortex was disturbed only in the regions where there 
were unusually diffuse infiltrations of cells (fig. 8). These collections were not 
in the form of the granulomatous nodules described but were more diffuse and 
much larger. They were in the immediate vicinity of large vessels which con- 
tained only a slight amount of reaction in their perivascular spaces. They were 
observed only in the superficial layers (layers 1 and 2) of the cortex. Fibroblasts, 
gitter cells, lymphocytes and occasional microglia cells and plasma cells con- 
stituted these larger conglomerations. No parasites were observed in or near 


these massed cells. 


The ganglion cells in the cortex and also in the basal ganglia showed more or 


less pronounced chromatolysis, swelling and neuronophagia. Occasionally there 


was complete destruction 


f the cell body. The outer glial layer of the cortex 
showed a slight increase in density. 

Numerous round and oval cavities were diffusely distributed in the subcortical 
white substance and in the midbrain. They were about the size of capillaries cut 
in cross-section but varied considerably. These spaces were filled with an 
amorphous, mucinoid matrix, which stained blue with the hematoxylin and eosin 
stain. They were most numerous immediately around infiltrated perivascular spaces 


and nodules 


Fig. 7.—Section showing parasite (P) in the infiltration about a vessel in the 

brain. 
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The pia-arachnoid of the cortex showed a moderate increase in connective 
tissue. In addition, there were patchy areas of cellular infiltration (fig. 9) in 
yarious parts of the cortex. These had no topographic relation to the nodules 
of the brain, since they were present where no nodules were demonstrable 
and were absent in areas where nodules were most numerous. The infiltrations 
were not dense and frequently extended along the Virchow-Robin spaces. They 


Fig. &§—Section showing diffuse cellular infiltration of the cortex. 


were made up of small round cells, a large number of fibroblasts and occasional 
plasma cells. Fragmented and whole red cells were also noted. These infiltra- 
tions of cells were most numerous around the blood vessels of the meninges. 
No trichinas were observed in any part of the meninges. The vessels, both 
veins and arteries, of the pia-arachnoid were hyperemic and increased in number, 
especially in the infiltrated regions. There were, however, places where the 
vessels showed hyperemic vascular changes but no signs of cellular infiltrations 


The vessels also showed occasional hyaline changes in the meninges. 
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The spinal cord showed few changes. There were occasional rare nodules 
in the central gray matter. Pericapillary hemorrhages which appeared to be 
of recent origin were seen. The stain for myelin sheath showed no evidence of 
degeneration of the tracts. 

The choroid plexus showed no pathologic changes. 


There was no definite evidence of any degeneration in the peripheral nerves. 


Fig. 9—Section showing a patchy area of cellular infiltration of the pnia- 
arachnoid of the cortex, 


In reviewing the neuropathologic changes, it is seen, as Hassin and 
Diamond '* pointed out, that they resemble the picture of acute non- 
suppurative meningo-encephalitis. The disseminated nodules and_ the 
perivascular and meningeal infiltrations are characteristically present 
in the picture of other forms of infectious encephalitis. In our case 


* 
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they are a manifest reaction to the invasion of the central nervous 
system by the trichina embryos. It is significant that the nodules were 
observed predominantly in the deeper layers of the cortex and the 
adjacent subcortex, since these strata are a particularly well vascularized 
part of the brain. 

The fact that, except for a few collections of microglia cells observed 
with special staining, all the nodules were composed of nonglial ele- 
ments is of considerable interest. This is in contrast to the observations 
of Hassin and Diamond,'* who described the nodules as “consisting of 
glia cells.” Why there were nodules of these two types is difficult to 
say. No trichinas were observed in the microglial collections, whereas 
the other nodules frequently contained the parasite. This might indicate 
two causative agents for the reactions. The parasite may have been 
the causative agent for the nodule which contained it, while the cause 
producing the microglial nodule remains speculative. 

The diffuse infiltrations of cells observed in the cortex (fig. 8) are 
worthy of note. Here again the mechanism is uncertain. The infiltra- 
tions may be vascular elements which have escaped the confines of the 
perivascular spaces and invaded the surrounding parenchyma, to 
resemble changes described in association with severe epidemic 
encephalitis. Such a view is supported by the fact that these cellular 
infiltrations were always in the vicinity of blood vessels. The vessels 
in the vicinity of these invasions showed evidence of old hemorrhage, 
i.€., pigment and fragmented red cells. It is possible, then, that the 
diffuse infiltrations were a late reaction to hemorrhages into the paren- 
chyma which occurred during the more acute phase of the disease. 

The question of whether or not the fresher perivascular hemor- 
thages described in the subependymal areas were of agonal origin 
remains inconclusively answered. The presence of the older hemor- 
rhages elsewhere suggests that the most recent lesions may have been 
a part of the pathologic picture of encephalitis resulting from 
trichiniasis. 

Other vascular changes worthy of emphasis were seen in the form 
of swelling of intimal cells, hyalinization of the walls and unusual pro- 
liferation of glia cells around the smaller vessels, especially those in 
the vicinity of the nodules. These changes, together with the racemose 
vacuolation of the parenchyma occasionally seen around some of the 
vessels, seem to indicate that the parasite and its toxin have a more or 
less specific action on the blood vessels. This fits in with the known 
facts that the parasite is blood borne and invades the tissues by pene- 
trating the wall of the vessel. 

The relatively slight meningeal reaction, as compared with the wide- 
spread parenchymal and perivascular pathologic changes, is worthy of 
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note. The difference in the degree of vascularization of the variously 
affected areas may have played a part in producing the changes observed, 

The cavities described as containing blue-staining, amphorous 
material are probably the same as those noted by Bloch and Hassin ™ 
and termed by them état criblé. They are probably related to the inflam- 
matory process. This is suggested by the fact that they were most 
numerous around the nodules and vessels and tended to diminish at a 
distance from them. 

Finally, the lack of definite degenerative changes in the peripheral 
nerves in the face of clinical absence of reflexes must be emphasized. 


and Schoen- 


This observation militates against the views of Chasanow 
born,’ who expressed the belief that an actual neuritis due to trichinia- 
sis existed. It bears out the theory that the explanation for the absence 


of reflexes lies in the pathologic processes in the muscles. 


COMMENT 


The admission to a psychiatric hospital of patients suffering from 


trichiniasis is noteworthy. In both the cases reported in this paper 
the symptoms requiring hospitalization were of mental origin. The 


focal neurologic signs in these cases, though important, were not the 
presenting signs. The striking evidence of involvement of the nervous 
system was seen in the psychiatric status. In case 1 the mental picture 
was that of an acute encephalitic process. Similar findings, namely, 
irritability, sleeplessness, apathy and delirium, have been reported by 
\Veitz,*° Kratz,>Pund and Mosteller,*? Meyer,*! Fuchs and Beck- 
man.*® In case 2 the mental picture was that of a chronic encephalo- 
pathic process with Korsakoff’s features, resembling the type des¢ribed 
by Bender and Schilder.** The onset of symptoms was six weeks after 
the initial infection, which is in contrast to the average of from two to 
three weeks in most cases in which mental symptoms are presented. 
[Isolated neurologic manifestations of trichiniasis encountered in 


the literature include diplegia,** the syndrome of amyotrophic lateral 


44. Meyer, J.: Trichinosis: A Report of Three Cases Simulating Meningitis 
with the Finding of Trichinal Larvae in Spinal Fluid, J. A. M. A. 70:588 
(March 2) 1918. 


45. Fuchs, B.: Ueber eine Trichinenepidemie in Erlangen, Mutinchen. med. 
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sclerosis,*® radiculitis,” 


deafness *” and hoarseness, aphonia and dys- 
phagia.” Jcular manifestations include forms of extra-ocular muscular 
palsy, diplopia, optic neuritis and retinal hemorrhage.*® Many of these 
focal signs, such as the motor disturbances, are probably due to local 
involvement of the muscles. 

Meningitis has been repeatedly mentioned as the outstanding mani- 
festation of cerebral involvement in cases of trichiniasis.°! In spite of 
definite cerebral involvement in both our cases, there were no meningeal 
signs. That the parasite may be observed in the spinal fluid and that 
the cell count and the sugar and globulin values may be altered were 
appreciated from numerous reports.°*? Nevertheless, examination of 
the spinal fluid in cases 1 and 2 showed no increase in globulin or cells 
and failed to reveal trichinas. This, together with the scanty meningeal 
involvement observed pathologically in case 2, suggests two types of 
trichiniasis of the nervous system: (1) the meningeal form, which is 
commonly associated with the presence of trichinas in the spinal fluid and 
minimal focal and mental signs, and (2) the parenchymal form, in 
which the mental and focal neurologic signs are in the foreground and 
there is only minimal evidence of meningeal pathologic involvement. 
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SUMMARY AND CONCLUSIONS 

The literature relating to the clinical manifestations and neuropatho- 
logic changes in trichiniasis of the nervous system has been reviewed, 
Two additional cases of trichiniasis in which the mental and neurologic 
signs predominated are reported. The mental picture in one case was 
that of mild acute encephalitis, and in the other, of a chronic encephalo- 
pathic process with Korsakoff’s features. In both instances, despite 
evidence of diffuse involvement of the nervous system, there were no 
clinical signs of meningeal irritation. Furthermore, neither trichinas 
nor alterations in the number of cells and the globulin content were 
observed in the spinal fluid in either case. Focal neuralgic signs in the 
form of hemiparesis were seen in one case. Two unusual clinical 
features of trichiniasis were observed—(1) the massive anasarca and 
other changes simulating the wet form of beriberi and (2) the failure 
of eosinophilia to develop in a patient whose illness terminated fatally. 
A pathologic study including the nervous system was made in one 
case. Larvae of T. spiralis were demonstrated in the brain substance. 
The pathologic changes seen in the brain were in the nature of wide- 
spread acute nonsuppurative encephalitis. The characteristic changes 
were the disseminated nodules, with and without parasites, and the 
perivascular and meningeal infiltrations, as well as the degenerative 
changes seen in most toxic states of considerable duration. 


DISCUSSION 

Dr. JosepH H. Grosus: I shall make a brief statement concerning the 
clinical manifestations and anatomic observations in two cases of trichiniasis 
studied at the Mount Sinai Hospital. The onset was acute. In both instances 
the diagnosis was made on the basis of the history (both patients had eaten raw 
meat shortly before the onset of symptoms), the eosinophilia, which was not 
marked, and the results of biopsy. The clinical course in both cases was stormy 
and brief, death occurring within three or four weeks after the onset. Among the 
neurologic symptoms and signs were headache, mental confusion, meningeal signs, 
depression or absence of deep reflexes in one case and in the other frank hemi- 
plegia without pyramidal tract signs, such as increased deep reflexes or the 
Babinski sign. In the second case aphasia also developed. 

A laboratory observation of interest was the rapidly diminishing eosinophilia. 
In the case in which fatal termination was more rapid, the eosinophilia disappeared 
a day or two before death. Rapidly disappearing eosinophilia is, as has often been 
stated, a bad prognostic sign. No trichinas were observed in the spinal fluid. 

The neuropathologic changes were similar to those shown tonight, with the 
difference that in the cases in my series there was enormous edema, so that 
shrinkage due to fixation of the tissue resulted in numerous small cavities. This 
is in accord with what Hassin observed in his case, but I think that Dr. Abeles 
is right in assuming that these numerous small openings in the tissue are artefacts 


in the sense that they exist in life as spaces filled with transudate 
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Moreover, the edema is probably a much more important factor than Dr. Abeles 
is willing to admit. The marked edema is probably a direct reaction to a toxic 
substance excreted by the parasite, and this edema, as well as the extensive 
hemorrhages seen in my cases, is, in my opinion, responsible for the neurologic 


signs and symptoms. 


Dr. CHARLES Davison: Dr. Abeles demonstrated beautifully the presence of 
the trichinal parasites throughout the nervous system. The widespread distribu- 
tion of the lesions undoubtedly accounts for the clinical picture of encephalitis. 
Except for the presence of the parasite, the histopathologic changes are not unlike 
those in acute poliomyelitis and encephalitis following typhus. 

In a number of cases of trichiniasis with neural changes, an inflammatory reac- 
tion and glia nodules were described, but trichinas could not be demonstrated. 
Probably this is due not to the absence of the embryo but to lack of familiarity 
with it and difficulty in detecting it. Sections through the inflammatory and 
glial nodules may be cut tangentially to the trichina so as to miss it. Some 
inflammatory and glial nodules may be a reaction only in response to the liberated 
toxin and not in response to the direct invasion of the parasite. In such nodules 
one should not expect to demonstrate the parasitic embryo. The absence of the 
parasites, except in one area, in a section stained for microglia can be readily 
explained. In silver preparations, owing to the excessive precipitation, one will 
certainiy have difficulty in demonstrating the embryo, which with ordinary stains 
appears as a conglomeration of granules surrounded by a barely perceptible 
membrane. 

The marked atrophy of muscles, although unquestionably due in most cases 
to primary invasion of the muscle by the parasite, may in some instances be 
explained on the basis of disease of the anterior horn cells. In one case described 
in the literature the patient presented a clearcut syndrome of involvement of the 
upper and lower motor neurons, such as is seen in cases of amyotrophic lateral 
sclerosis. I wonder whether Dr. Abeles observed any inflammatory reaction in 
the gray matter of the spinal cord or disease of the anterior horn cells. 


Dr. JosuuaA H. LEINER: My associates and I observed patients with trichin- 
iasis at the Fordham Hospital and at times found involvement of the pharynx 
and larynx. One patient had considerable anasarca; we explained this by the 
fact that the toxin elaborated by the trichinas is probably of vagotropic type. It 
is known that a vagotropic toxin produces eosinophilia and at the same time 
vasodilatation, in contrast to sympathetic stimulation, which produces the opposite 
effect, i. vasoconstriction. 

Dr. CaEsArR Hirscu: The excellent paper by Dr. Abeles and Dr. Most 
reminds me of an epidemic of trichiniasis with which I had some experience five 
years ago in Stuttgart, Germany. I saw sixty cases of acute trichiniasis in an 
epidemic caused by the eating of an inadequately smoked ham of a polar bear 
killed in the zoo. Eighty-eight persons were affected, and twelve died. 

In almost all cases the larynx was diseased, but in no instance could I find the 
usual indications of paralysis of the recurrent or posticus nerve. In almost all 
cases there was edematous swelling of the soft parts, that is, of the true and 
false vocal cords. A number of patients complained of tinnitus, which probably 
was caused by affection of the levator veli palatini, the tensor tympani and the 
stapedius muscle. Some patients complained of high-pitched tinnitus and lowering 
of the upper limit for sound and of a shorfening in bone conduction, which proved 
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that in these persons a lesion of the apparatus for sound conduction was present, 
All these patients recovered; when they were discharged, no loss of hearing was 
found. 

Definite insomnia was one of the outstanding symptoms. I remember a case 
in which insomnia was the only subjective symptom present for several weeks, 
In one case severe myelitis was present, with almost complete paraplegia and 
anesthesia of the bladder, retention of urine and incontinence of feces. 

Dr. Mitton Apeces: We also observed the cavities Dr. Globus mentioned. 
[ could not decide their significance, but I noticed that they were more numerous 
iround the nodules and near the vessels that were infiltrated. We observed occa- 
sional nodules in the cord, but not frequently; occasional hemorrhage around 
some of the small vessels was the only other pathologic change in the cord. 

As to tinnitus, I noticed in the literature that deafness has been reported fol- 


lowing trichiniasis. 


EFFECTS OF SODIUM AMYTAL AND OTHER DRUGS 
ON THE REACTIVITY OF THE HYPO- 
THALAMUS OF THE CAT 


JULES H. MASSERMAN, M.D. 


CHICAGO 


It is my purpose in this communication to report the effects of 
faradic stimulation of certain areas of the anterior portion of the hypo- 
thalamus and the motor cortex in cats and the modifications of these 
reactions under the influence of the systemic or the intrahypothalamic 
injection of sodium amytal or other drugs. Sixty-four cats were pre- 
pared in several series of experiments, according to the following 
technics : 

METHODS 


Acute Experiments.—Series A 1.—Hypothalamic Preparations: The cat was 
lightly anesthetized in an ether jar and the anesthesia continued by the use of an 
intratracheal cannula connected to a valved ether bottle. Both carotid arteries 
were isolated and encircled with separate loops of catgut for later approach. The 
Horsley-Clarke stereotaxic apparatus was then mounted, the skull trephined and 
an insulated nichrome electrode inserted into the hypothlamus, usually at the 
coordinate settings of anterior plane 14, right or left sagittal plane 2.5 and hori- 
zontal plane —4. The animal was then transferred to a hammock and the stereo- 
taxic apparatus so suspended above it as to be movable in a horizontal plane. One 
carotid artery was cannulated and connected through a 5 per cent solution of 
sodium citrate to a mercury manometer mounted on a kymograph. A simuitane 
ous record of the respirations was obtained by the use of a tambour connected to 
a side arm of the tracheal cannula, and beneath this were placed concurrent trac- 
ings of a signal magnet and an electrically actuated interval timer. A Harvard 
inductorium, with constant primary current, was used for the faradic stimulation, 
the stimulating lead of the secondary coil being connected to the hypothalamic elec- 
trode and the indifferent lead to a brass cylinder inserted into the animal’s rectum. 
Cats prepared in this manner remained in good condition with repeated stimulation 
for as long as five hours and were quiet even when only lightly anesthetized. This 
rendered possible the comparison in a single preparation of the results of hvypo- 
thalamic stimulation (a) with the animal under ether anesthesia of varying depths, 
(b) during the period of recovery from ether anesthesia and (c) during subsequent 
amytal narcosis. 

Serres A 2.—Combined Hypothalamic and Motor Cortex Preparations: Cats 
were prepared as in series Al, with the addition that the motor cortex of one or 
both sides was exposed by removing the inner wall of the frontal sinus and its 


underlying dura. An additional electrode, consisting of an insulating handle and 
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a coil spring ending in a metal sphere 0.3 mm. in diameter, was then attached to 
the stereotaxic machine in such a position as to fix the sphere lightly against the 
middle of the anterior sigmoid gyrus. This electrode was then circuited through 
a double throw switch with the secondary coil of the inductorium in a manner to 
render possible its actuation either simultaneously or alternately with the electrode 
placed in the hypothalamus. 

Series A 3.—Acute Injection Preparations: Cats were prepared as in series 
A 1, with the modification that, instead of a wire electrode, a long, blunt 22 gage 
needle, insulated except at its hub and tip, was mounted in the stereotaxic carrier, 
The needle could be used for stimulation of the hypothalamus both before and after 
the local injection of accurately measured amounts of india ink or physiologic 
solutions of various salts, sodium amytal or other substances, as desired. 

Recovery Preparations —Srrits R 1.—Hypothalamic Stimulation: Cats were 
anesthetized by the intraperitoneal administration of pentobarbital sodium, and the 
stereotaxic apparatus was mounted whenever possible without slitting the animal’s 
ears. At a point indicated by lowering the electrode carrier, the calvarium was 
exposed; a hole 0.8 cm. in diameter was trephined, and the dura beneath was slit 
crucially and reflected. A steel tube, 1 cm. long, beveled and threaded on its outer 
surface and closed beneath by a thin layer of bone wax, was then firmly screwed 
into the trephine opening and surrounded by several tiny tacks inserted into the 
outer table. An insulated nichrome wire electrode was then lowered into the 
hypothalamus through the tube, and while still held in position by the stereotaxic 
apparatus it was sealed to the tube and skull with sealing wax, the latter being 
poured from a heated retort about the electrode, the tube and the tacks. When the 
wax had hardened, the stereotaxic carrier was removed, leaving the electrode fixed 
firmly in position by a mound of wax gripping the steel screw, the tacks and the 
surrounding calvarium. The portion of the electrode above the wax was then bent 
backward, coiled and fixed to the fur of the neck with skin clips. The wound in 
the scalp was closed and the entire field covered with adhesive dressings. Within 
from four to eight hours the animal had usually completely recovered from the 
operation and exhibited unhampered responses to various stimuli. Faradic excita- 
tion of the hypothalamus could then be carried out by clipping one lead from the 
secondary coil of a Harvard inductorium to the free end of the hypothalamic 
electrode and the other lead to a moistened pad bound to the animal’s back. 

When sterile technic was used, cats prepared by this method could be kept in 
good condition for several days. Usually, however, no attempt at asepsis was 
made, and the animal was killed, after experimentation, on the day following its 
preparation. 

SERIES R 2.—Recovery Injection Preparation: Cats in this series were prepared 
as in series R1, with this modification: Instead of a solid electrode, an insulated 
18 gage needle, about 4.5 cm. long, was threaded on the stereotaxic carrier and 
inserted into the hypothalamus through the hollow screw in the skull. The needle 
was then fixed in position with sealing-wax in the manner described, with the 
addition that the wax also held in place (a) a lead-in wire soldered at one end 
to the needle and free at the other for connection to an inductorium and (b) a 
truncated, hollow wooden cone, which protected the hub of the needle from dis- 
placemert by external blows but permitted attachment of an adaptor and a 
syringe. The animal, after recovery from the anesthesia, could then be studied 
for (a) the results of faradic stimulation of the hypothalamus, as in series R 1, 
(b) the effect of injection of various substances directly into the hypothalamus 
and (c) the reactions elicited by faradization of the hypothalamus after these 
injections. Moreover, the animal could later be reanesthetized and prepared as 
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in series Al for graphic studies of the blood pressure and responses of the pulse 
and respiration to the different combinations of experimental procedures. 
Anatomic Preparations—After the completion of an experiment the cerebral 
circulation of the animal was washed out with 2,000 cc. of a physiologic solution 
of sodium chloride and the brain fixed in situ by the intracarotid injection of 
a dilute solution of formaldehyde U. S. P. (1:10). An appropriate block of the 
hypothalamus was removed, sectioned serially and stained by a modified Weil 
technic. The sections were then examined to determine the exact location in the 
hypothalamus of the tip of the electrode originally employed in the experiment. 


Loci of Stimulation—For uniformity, the observations recorded in this paper 
were taken only from the animals in which the locus of the point of the electrode 
was shown in the anatomic preparation to have been in a region about 1.5 by 
1.5 by 1.5 mm., juxtaposed to the medial forebrain bundle and equidistant from 
the caudal expansion of the anterior commissure laterally, the optic chiasm inferiorly 
and the third ventricle medially, the rostral plane being that through the vertically 
descending columns of the fornix. The results of control experiments on stimula- 
tion and injection in other regions of the brain (to be included with other material 
in a subsequent communication) in no way modified the conclusions reported in 
this paper. 

RESULTS 

The observations in the different experimental series may be most 
clearly presented in the following order: 

1. Stimulation of the Hypothalamus in Recovery Preparations.— 
With minimal stimuli (primary current, 1 ampere; secondary coil 
settings, from 13 to 10) the initial reactions consisted of mild pupillary 
dilatation (sometimes more marked homolaterally) and slight raising 
of the hair covering the tail and the neck. Stronger stimuli (coil settings 
from 10 to 8) evoked more marked cyclomotor and pilomotor responses 
and, in addition, forced urination, unsheathing of claws, movements of 
the tail, baring and chopping of the teeth, salivation and harsh growling 
or hissing, followed by licking movements of the tongue and jaw. 
Faradization of the hypothalamus with the secondary coil at 7 almost 
uniformly caused the animal to turn on its back, lash its tail and claw 
and bite the air wildly as though enraged and in furious combat. Imme- 
diately after the stimulation, moreover, the animal usually bolted to the 
nearest dark corner and cowered there, shrinking and growling, though, 
once picked up, it was not resistant to handling.’ Stimulation with 
currents stronger than that with the coil at 7 frequently produced spasms 
of the shoulders and forelegs, or even generalized tetany in extension, 
and thus obliterated the characteristic clawing and fighting movements. 
Nevertheless, the flight of the animal subsequent to stimulation was 
then even more precipitate. 


1. It is of course impossible to state whether the animal actually felt rage 
during or fear after the stimulation, but the reactions observed seemed highly 
characteristic of these emotional states. 
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Effects of the Intravenous or Intraperitoneal Administration of 
Sodium Amytal on Hypothalamic Reactions ——Within from two to five 
minutes after the intravenous administration of from 20 to 50 mg. of 
sodium amytal per kilogram of body weight—or within from ten to 
twenty minutes after its intraperitoneal injection—the animal, occasion- 
ally after an interim of mild excitement, showed diminished reactivity 
of the pupils; the gait became ataxic, and there was stupor of varying 
degrees. Direct faradic stimulation of the hypothalamus in twenty- 
three of the thirty-four animals observed then showed absence of, or 
marked diminution in, the sympathetic and emotional mimetic responses 
already described, although the pilomotor and ungumotor reactions 
could still be elicited with stronger currents (coil settings at from 7 
to 5). Consistently, however, there was no diminution in the responses 
of the skeletal neuromuscular system, spasms and tetany being pro- 
duced in some cases with even weaker currents than had been required 
before the administration of the sodium amytal. Similarly, in the com- 
bined preparations (series A 2), muscular movements produced by direct 
stimulation of the motor cortex persisted unchanged after the intra- 
venous administration of as much as 100 mg. of sodium amytal per 
kilogram, 

Effects of the Hypothalamic Injection of Sodium Amytal on 
Recovery Preparations——For preliminary observations as a control, 
intrahypothalamic injections of from 0.1 to 0.3 cc. of warm physiologic 
solution of sodium chloride or a 5 per cent suspension of india ink 
were made. These produced no overt effects if given slowly (about 
0.1 cc. per minute), but if the injections were made more rapidly, the 
animal manifested, throughout a period of from four to ten minutes, 
some or all of the reactions elicitable by faradic stimulation of the area. 
The responses of the hypothalamus to superadded electrical stimulation 
during this period, however, remained unchanged. More remarkably, 
the slow injection of as much as 0.2 cc. of a 10 per cent solution of 
sodium amytal directly into the hypothalamus also produced no apparent 
change in the cyclomotor, pilomotor and ungumotor responses of this 
structure to electrical stimulation, although the respiratory and vaso- 
motor reactions, as will be noted, were somewhat modified. The intra- 
hypothalamic injection of amounts of sodium amytal up to 40 mg. per 
kilogram of body weight caused varying degrees of mydriasis, ataxia 
and stupor, but these effects were no more marked than those produced 
by identical amounts of the drug injected intravenously or intraperi- 
toneally in the control experiments already described. 

Blood Pressure and Respiratory and Other Reactions Produced by 
Stimulation of the Anterior Portion of the Hypothalamus with the 
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Animal Successively Under Ether and Amytal Anesthesia—Blood 
Pressure: With the animal under light ether anesthesia, stimulation of 
the anterior portion of the hypothalamus generally induced, after a 
latent period of from one to sixteen seconds, a rise in blood pressure, 
which reached a peak of from 10 to 60 mm. of mercury above the 
normal within from two to fifty seconds. The rise was nearly always 
succeeded by a corresponding fall in blood pressure and then a resto- 
ration to base level within from twelve to four hundred and forty 
seconds (fig. 1). The initial hypertensive effect of hypothalamic stimu- 
lation with moderate currents seemed in some cases to be correlated 
with the degree of coincident skeletal muscular spasm, especially of the 
abdomen, and, indeed, manual compression of the splanchnic region was 
in itself effective in raising the blood pressure (fig. 1G). Neverthe- 
less, in twenty of thirty-two animals currents of low strength (secon- 
dary coil settings at from 11 to 13) produced marked deviations in 
blood pressure, with a minimal or no concurrent muscular response 
(fig. 2.4), and, conversely, strong stimulation of the motor cortex in 
the combined preparations could cause generalized clonicity of the mus- 
culature, without significant changes in the blood pressure (fig. 1 F). 
Further, in eight animals stimulation of the anterior portion of the 
hypothalamus consistently produced a fall in blood pressure, whether 
or not it was accompanied by muscular spasms (fig. 1B). It was 
apparent, therefore, that the effects produced on the blood pressure by 
stimulation of the hypothalamus were of central vasomotor rather than 
of purely skeletal muscular origin. 

In three experiments designed to control the possible effects of 
exhaustion no definite changes in the vasomotor reactions of the hypo- 
thalamus became manifest, even after prolonged stimulation with the 
animal under either amytal or ether anesthesia alone (fig. 1H and J). 
When, however, amytal narcosis was substituted for ether anesthesia, 
the deviations in the curves for blood pressure and respiration resulting 
from stimulation of the hypothalamus generally became lessened in 
degree (fig. 2.4 and B). Moreover, in four animals which had when 
under ether anesthesia given the typical pressor-depressor reaction, 
amytalization caused a change from the usual biphasic response of the 
blood pressure to one of transient hypotension alone. 

Pulse Rate: With the animal under ether anesthesia, stimulation 
of the anterior portion of the hypothalamus with moderate currents 
resulted consistently in slowing of the heart and increase in the strength 
of its beat. Amytalization of a previously etherized animal, however, 
caused diminution, or even complete disappearance, of these cardiac 
effects. 
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Fig. 1.—Tracings showing (A) the most frequent type of cardiac, vasomotor and 
respiratory response to stimulation of the anterior portion of the hypothalamus in cats 
under light ether anesthesia; (B to E) other types of responses, illustrating the lack of 
exact correlation between the various physiologic effects in different animals; (/°) spasms 
of the skeletal musculature produced by faradic stimulation of the left sigmoid gyrus, 
accompanied by only slight deviations in the blood pressure, and (G) rise of blood 
pressure during manual compression of the abdomen, followed by a fall of pressure and 
recovery to base level. Tracings H and / illustrate the hypothalamic reactions sixty 
minutes apart in an animal maintained under light ether anesthesia and stimulated at 
five minute intervals; the almost identical responses indicate the absence of effects of 
exhaustion, whereas the appearance of suspension of the heart beat throughout the 
duration of the stimulus is an artefact produced by the kinking of the carotid artery 
about the cannula during successive identical spasms of the neck of the animal. In 
this figure and in the accompanying figures, line tracings from above down represent 
records, respectively, of the blood pressure, the respiration, the signal magnet and the 
indicator. The numeral within the jog of the signal line is the serial number of the 
stimulus in the individual experiment; the numeral succeeding the signal tracing is 


the distance expressed in centimeters between the primary and the secondary coil of the 


Harvard inductorium. Unless otherwise stated, time is recorded at two second intervals. 


For the locus of stimulation in these tracings the text may be consulted. 
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Fig. 2—Tracings showing (A and B) reactions to hypothalamic stimulation (4) with the animal 
mder light ether anesthesia and (2B) fifteen minutes after discontinuation of the ether anesthesia and 
the intravenous injection of a solution containing 50 mg. of sodium amytal. Tracings C to / record the 
eects of the intrahypothalamic injection of test solutions or of various amounts of a 10 per cent 
“lution of sodium amytal. The tracings obtained as controls show (C) the absence of effects of 
two intrahypothalamic injections of a 5 per cent suspension of india ink (time markings of five sec- 
ms) and (D) effects of the intrahypothalamic injection of a buffer solution of the same pu (9) 
a the solutions of sodium amytal injected subsequently; the hypertension and hyperpnea, the initial 
tages of which are recorded, persisted for twenty-five minutes and then gradually subsided. E 
shows the effects in the same animal, after the restoration of basal conditions, of the intrahypo- 
thalamic injection of 0.05 cc. of a 10 per cent solution (5 mg.) of sodium amytal, and F and G, the 
effects of the intrahypothalamic injection of larger amounts of sodium amytal in other animals. 
: Shows also the rhythmic escape of respiration seen in nine animals of this series after the intra- 
typothalamic injection of 0.1 cc. of a 10 per cent solution of sodium amytal. H and / are trac- 


igs of the blood pressure and respiratory reactions of the anterior portion of the hypothalamus to 
“ectrical stimuli respectively before and after the local injection of 0.1 cc. of a 10 per cent solution 
| sodium amytal. 
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Respiration: With the animal under light ether anesthesia, stimy- 
lation of the hypothalamus generally produced an initial suspension of 
respiration, immediately followed by a marked increase in the respira- 
tory rate and excursion (fig. 1A to /’). These reactions appeared 
even when the stimuli were spaced closely together, suggesting 
that the decrease in the py of the blood resulting from the initia] 
apnea was not the sole cause of the ensuing hyperpnea but that the 
latter was part of the specific biphasic effect. When amytal narcosis 
was substituted for the ether anesthesia, the alterations in respiratory 
rate and excursion in response to hypothalamic stimulation frequently 
also diminished in degree (fig. 2.4 and B). : 

Effects of Injection of Various Drugs into the Hypothalamus on 
the Blood Pressure, Pulse Rate and Respiratory Reactions.—Sodium 
Amytal: Injection of from 0.1 to 0.3 cc. of a 10 per cent solution 
of sodium amytal into the hypothalamus caused: (a) a fall in blood 
pressure of from 25 to 60 mm. of mercury, beginning almost imme- 
diately after the injection and continuing steadily for from five to ten 
minutes; (b) an increase in the pulse rate and sometimes in the pulse 
pressure ; (c) a steady decrease in the rate and the depth of respiration, 
sometimes accompanied by peculiar rhythmic escapes, and (d) a slight 
diminution in the respiratory and vasomotor responses to local faradic 
stimulation (fig. 2C to J). As has already been noted, however, the intra- 
hypothalamic injection of sodium amytal produced no changes in the 
response of the skeletal neuromuscular system to hypothalamic faradiza- 
tion, whereas a diminution in the cyclomotor, pilomotor, ungumotor and 
other specialized responses of the hypothalamus was noted in most cases 
only when the amount of sodium amytal injected into it reached quanti- 
ties comparable to those employed for intravenous or intraperitoneal 
administration. 

Coramine: The injection of 0.1 or 0.2 cc. of a 25 per cent aqueous 
solution of this drug (a 25 per cent solution of pyridine betacarboxy- 
diethylamine) into the hypothalamus produced a slight increase in blood 
pressure and acceleration and deepening of the respirations (fig. 3A). 
In several instances direct hypothalamic injection of these amounts of 
the drug proved efficacious in reviving an animal that had become 
apneic as the result of an overdose of sodium amytal (figs. 3 B and C). 

Epinephrine and Solution of Posterior Pituitary: No consistent 
effects of the local injection of these drugs have as yet been noted, 
except that in an apneic animal epinephrine sometimes caused the 
resumption of respiration, whereas solution of posterior pituitary fre- 
quently produced contractions of the urinary bladder and a_ peculiar 
intermittent type of respiratory rhythm (fig. 3D and £). Further 
studies with these drugs are at present in progress. 
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Observations on Brains into Which Injections Had Been Made.— 
In experiments in which as much as 0.2 cc. of fluid had been introduced 
directly into the hypothalamus, the brain presented no gross distortion, 
if the injection had been made at a rate of less than 0.1 cc. per minute. 
When small amounts of india ink were iniected, the ink granules 
appeared in minute tracts through the hypothalamus and, to a variable 


extent, in the third ventricle. After larger injections the ink could 
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Fig. 3.—Tracings showing (A) effects of the intrahypothalamic injection of 
0.2 cc. of a 25 per cent solution of coramine (pyridine beta carboxydiethylamine) 
in an animal breathing normally under light ether anesthesia, (B and C) rise 
in blood pressure and resumption of respiration in animals previously rendered 
apneic by the intrahypothalamic injection of a 10 per cent solution of sodium 
amytal, (D) resumption of spontaneous breathing after the intrahypothalamic injec- 
tion of 0.3 cc. of epinephrine in an amytalized animal kept alive by slow artificial 
fespiration and (£) rhythmic, intermittent character of the respiration after the 
intrahypethalamic injection of 0.1 cc. of solution of posterior pituitary in an 
apneic animal. 


be seen in the fourth ventricle, the interpeduncular cistern and, finally, 


in the subarachnoid spaces about the brain and the cord. Rapid injec- 
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tions produced reflux dilatation of the needle track, dilatation or actual 
rupture of the hypothalamus and microscopic vacuolation and destruc- 
tion of the tissue pattern. 

COMMENT 

A stereotaxic apparatus for localizing accurately electrodes inserted 
into the central nervous system of experimental animals was first 
described by Horsley and Clarke? and was employed in several early 
studies by Sachs * and by Wilson.* The method was recently reintr. duced 
and improved by Ranson and his associates, whose technic,® with the 
modifications described, has been employed in these experiments. 

The respiratory, cyclomotor and pilomotor reactions of the hypo- 
thalamus observed in these studies correspond to those previously 
reported by Karplus and Kriedl® and by Ranson, Kabat and Magoun 
in several articles.’ The conclusion of Kabat, Magoun and Ranson § that 
the hypothalamus contains vasomotor centers is likewise confirmed by 
the data obtained in the present experiments, in contradistinction to the 
contention that the deviations in blood pressure that result from stimula- 
tion of the hypothalamus are attributable solely to the coincident con- 

2. Horsley, V., and Clarke, R. H.: The Structure and Functions of the 
Cerebellum Examined by a New Method, Brain 31:45, 1908. Clarke, R. H., and 
Henderson, E. E.: Investigations of the Central Nervous System: Methods 
and Instruments, Baltimore, Johns Hopkins Press, 1920. 

3. Sachs, E.: On the Structure and Functional Relations of the Optic 
Thalamus, Brain 32:95, 1909. 

4. Wilson, S. A. K.: An Experimental Research into the Anatomy and 
Physiology of the Corpus Striatum, Brain 36:427, 1914. 

5. Ranson, S. W.: On the Use of the Horsley-Clarke Stereotaxic Instru- 
ment, Psychiat. en neurol. bl. (Feestb. C. U. Ariéns Kappers) 38:534 (May- 
Aug.) 1934. 

6. Karplus, J. P.. and Kriedl, A.: Gehirn und Sympathicus: Zwischenhirn- 
basis und Halssympathicus, Arch. f. d. ges. Physiol. 129:138, 1909; Gehirn und 
Sympathicus: Ein Sympathicuszentrum im Zwischenhirn, ibid. 35:401, 1910; 
Gehirn und Sympathicus: Ueber Beziehungen der Hypothalamuszentrum zu 
Blutdruck und innerer Sekretion, ibid. 215:667, 1927. 

7. Ranson, S. W., and Magoun, H. W.: Respiratory and Pupillary Reactions 
Induced by Electrical Stimulation of the Hypothalamus, Arch. Neurol. & Psychiat. 
29:1179 (June) 1933. Ranson, S. W.: The Hypothalamus: Its Significance for 
Visceral Innervation and Emotional Expression, Proc. Coll. Physicians, Philadel- 
phia 2:222 (Dec.) 1934. Ranson, S. W.; Kabat, H., and Magoun, H. W.: 
Autonomic Responses to Electrical Stimulation of the Hypothalamus, Preoptic 
Region and Septum, Arch. Neurol. & Psychiat. 33:467 (March) 1935; Autonomic 
Reactions Induced by Electrical Stimulation of the Hypothalamus, Am. J. Physiol. 
109:85 (July) 1934. 

8. Kabat, H.: Magoun, H. W., and Ranson, S. W.: Electrical Stimulation 
of Points in the Forebrain and Midbrain: Resultant Alterations in Blood Pres- 
sure, Arch, Neurol. & Psychiat. 34:931 (Nov.) 1935. 
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tractions of the skeletal musculature.’ That the barbiturates act on the 
hypothalamus has previously been indicated by chemical analyses of 
the brains of animals poisoned with barbital, as reported by Keeser and 
Keeser,’® and also by the specific somnifacient effects of injections of 
phenobarbital into the region of the tuber, as reported by Sahlgren." 
The direct physiologic technics employed in the present studies, there- 
fore, combine and elaborate the observations of these authors. 


CONCLUSIONS 

Methods are presented for studying the reactions of the hypothalamus 
or other parts of the brain to localized faradic stimulation (a) in unanes- 
thetized recovery preparations, (>) in animals placed successively under 
ether and amytal anesthesia and (c) before and after the injection of 
various substances directly into the central nervous structure studied. 

1. Minimal faradic stimulation of certain areas of the anterior 
portion of the hypothalamus of unanesthetized animals produces a num- 
ber of motor and sympathetic reactions which resemble those associated 
with the emotions of rage and fear. The reactions consist of mydriasis, 
raising the hair and whiskers, extrusion of the claws, variations in the 
pulse rate and respiratory rhythm and persistent, undirected clawing and 
fighting movements, followed after the termination of stimulation by 
precipitate flight. 

2. The sympathetic reactions to stimulation of the hypothalamus 
appear also with the animal under light ether anesthesia and are accom- 
panied by specific deviations in blood pressure. 

3. The intravenous or intraperitoneal injection of from 20 to 50 mg. 
of sodium amytal per kilogram of body weight, however, diminishes or 
abolishes the sympathetic and emotional mimetic reactions of the hypo- 
thalamus to faradic stimulation, leaving the skeletal neuromuscular 
responses to excitation of the motor cortex apparently unaffected. 

4. The injection of from 10 to 30 mg. of sodium amytal directly 
into the anterior portion of the hypothalamus of one side produces a 
fall in the blood pressure and a decrease in the rate and excursion of 
respiration ; it causes a slight diminution in the vasomotor and respiratory 
responses of the hypothalamus to faradic stimulation but does not other- 
wise modify its reactivity. Explanations of this phenomenon may be: 


9. Leiter, L., and Grinker, R. R.: Role of the Hypothalamus in Regulation of 
Blood Pressure: Experimental Studies, with Observations on Respiration, Arch. 
Neurol. & Psychiat. 31:54 (Jan.) 1934. 

10. Keeser, E., and Keeser, I.: Ueber die Verteilung der Diathybarbitursaiire 
im Gehirn, Arch. f. exper. Path. u. Pharmakol. 179:226, 1935. 

11. Sahlgren, E.: Experimentelle Untersuchungen iiber den Angriffspunkt des 
Luminals im Gehirn bei Kaninchen, Acta psychiat. et neurol. 9:129, 1934. 
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(a) Sodium amytal is changed in some unknown manner after systemic 
absorption, before it exerts its specific effects, or (b) after injection 
into the hypothalamus the drug is not brought into contact with the 
specific centers or tracts concerned in these reactions. Further study 
of these and other possibilities is at present in progress. ; 

This work was part of a general research program at the Psychiatric Division 
of the University of Chicago and the Otho Sprague Institute initiated by Dr. Roy 
Grinker. 

Dr. F. Keith and Dr. Julian Lewis gave valuable suggestions as to technic: 
Miss Gladys Ruhland aided in the preparation of the microscopic sections, and 
Eli Lilly & Co., Indianapolis, furnished the sodium amytal. 


Case Reports 


COINCIDENCE OF INTERPARIETAL SYNDROME 
AND AUTOMATIC CHANGES OF POSTURE 
IN A CASE OF SCHIZOPHRENIA 


L. von AnGyAL, M.D., BupAprst, HUNGARY 


Magnus * and his collaborators have cast light on numerous problems 
of motor and tonic innervation through systematic experiments on 
animals, continued for several years. Many of their conclusions were 
endorsed by the observations of research workers in the pathology of 
the human brain, especially Simons,’ Goldstein,® Goldstein and Riese,‘ 
Zingerle,’ Hoff and Schilder,® as well as Pette,” Foerster * and Schalten- 
brand.’ The reflexes of posture and attitude and the automatic changes 
of body posture can be accepted as valuable aids in neurologic diag- 
nosis. ‘Their exact value can hardly be defined as yet, but they have 
already furnished important contributions to the knowledge of the 
pathobiologic processes and symptomatology of the cerebellum, the sys- 
tem of the nucleus ruber and the frontal and parietal lobes, as well as 
the pyramidal and the extrapyramidal system. It is known that the 
induced changes in the tonus follow lesions of the cerebellum or of 
supracerebellar pathways, promoting or inhibiting cerebellar functions. 
The essential point with regard to this symptom is the disintegration 
of the movement as a unit. This disintegration throws into relief the 
reflectory tonic elements of the motor complex. The symptom is not 
necessarily accompanied by neurologic signs in the old sense, such as 
paresis or disturbances in the reflexes. 


From the Budapest University Hospital for Nervous and Mental Diseases 

1. Magnus, R.: Korperstellung, Berlin, Julius Springer, 1924. 

2. Simons, A.: Kopfhaltung und Muskeltonus, Ztschr. f. d. ges. Neurol. 
u. Psychiat. 80:499, 1922-1923. 

3. Goldstein, * K.: Ueber induzierte Tonusveranderungen. beim Menschen, 
Ztschr. f. d. ges. Neurol. u. Psychiat. 89:383, 1924; Neuere Erfahrungen zum 
Problem der sogenannten induzierten Tonusveranderungen, Verhandl. d. Gesellsch 


deutsch. Nervenarzte, 1925, p. 280. 


4. Goldstein, K., and Riese, W.: Ueber induzierte Veranderungen des Tonus, 
Klin. Wehnschr. 1:1201, 1923. 
5. Zingerle, H.: Ueber Stellreflexe und automatische Lageanderungen des 


Korpers beim Menschen, Klin. Wehnschr. 3:1845, 1924. 

6. Hoff, H., and Schilder, P.: Die Lagereflexe des Menschen, Vienna, Julius 
Springer, 1927. 

7. Pette, H.: Klinische und anatomische Studien zum Kapitel der tonischen 
Hals- und Labyrinthreflexe, Deutsche Ztschr. f. Nervenh. 86:193, 1925. 

8. Foerster: Zur Frage der Halsreflexe, Zentralbl. f. d. ges. Neurol. u 
Psychiat. 50:329, 1928. 

9. Schaltenbrand, G.: Enthirnungsstarre, Deutsche Ztschr. ft. Nerverh. 100: 
165, 1927. 
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In reporting the following case I wish to point out the neuro- 
psychiatric importance for localizing purposes of postural and _atti- 
tude reflexes and automatic changes of body posture. The patient, 
who suffered from schizophrenia, presented a considerable number of 
cortical focal symptoms, observable in unusual purity and permitting 
conclusions with great probability as to the extent and localization of the 
pathologic process. 

REPORT OF CASE 

M. P., a student aged 21, was admitted to the Budapest University Neurological 
and Mental Hospital on March 3, 1933. The grandparents on his father’s side 
were psychotic; the father was addicted to the use of alcohol. From childhood 
he was intelligent, but of a shy, reserved, quiet nature. As a child he was 
already of a distinctly visual type and addicted to day dreaming. Later he dis- 
played a talent for painting and drawing. A few weeks before his admission to the 
hospital he became depressed; during the last week he had the feeling that 
“everything got mixed up in his head; the ideas of space and time became con- 
tused” and the whole world seemed unreal and changed. He entertained the idea 
of suicide. 

Examination—At the time of admission medical, neurologic and_ serologic 
studies gave normal results. He was of asthenic habitus. His behavior was 
conventional but undecided, hesitating and helpless. His spontaneity was small 
and his thinking pronouncedly introversive. He gave an account of peculiar 
fits of anxiety which had tormented him since January, chiefly during the night. 
“Suddenly, as if I had been shaken, I had the feeling of having lost the con- 
sciousness of my ego. And in a moment I relived my whole life, and all the 
memories seemed as old as if I had lived them a hundred years ago. And then 
all these disappeared, and I fell asleep.” He had experiences of this kind four 
times. Later, he perceived that he had lost interest in everything. He neglected 
his duties and was constantly tormented by an indefinable fear. ‘Even then, 
I noticed that something was wrong with my thinking. I was watching people 
to see whether they would notice anything wrong with me.” He tried in vain to 
deaden his anxiety by drink; he thought of committing suicide. Four days before 
udmission to the hospital he had a similar fit in the street during the day. “This 
fit was far more intense than the preceding ones; it positively terrified me. I 
did not know where I was, why I was there or what was the meaning of the 
people around me. I don’t know how I got home. And this condition has con- 
tinued ever since. I look at life as if I were an abstractum, as if I looked at 
myself from afar and what I was doing, what others were doing and all this 
did not concern me at all. Ideas have changed their meaning for me. If I look 
at something it has not the same meaning as it had before. I have to consider 
that ideas once had a meaning, and so they must have the same meaning now. 
Take, for instance, a doctor: I have to think that I consulted a doctor when I 
was ill, that sick people call in doctors, but the idea without any explanation 
doesn’t occur to me, though it is simple enough. Or the idea of father. It may 
either signify my father as a person or a family—father, mother, children, 
perhaps, who are brought up and die. Another time I don’t know why I lie, 
eat, work. At such times I have to try to think over everything; otherwise I 
have a painful sense of uncertainty. And besides these things, I cannot feel. I 
know, for instance, that I love my mother, but I know that if she were to die 
or something were to happen to her—isn’t it queer that I can speak of this so 
quietly ?—it would not mean anything terrible te me.” 
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He used the following expressions in describing his feelings: “At such times 
] feel as if I were dreaming, as if there were a gulf between mankind and me, 
as if I were an isolated phenomenon, as if I did not exist, as if my feelings 
toward the world had ceased.” 

He found it difficult to make up his mind to do something. He felt as though 
he consisted of two persons, one of whom wanted to do something and the 
other did not. Just as pronounced was the ambivalence in his emotional life. 
At the same time he was glad of something and also was not glad. He described 
one of his fits with the following words: “I felt as if I had been detached 
from the world. I saw the objects around me, but I didn’t grasp them. I 
merely looked over things as if I had nothing to do with them.” Another time 
he said: “Sometimes I feel as if I should not be I, as if I were doing everything 
mechanically, by habit. I heard once that after losing their eyesight people can 
manage to write, because for some years the engrams of writing are still alive 
in their brains. I too shall fare so. I shall manage things as long as I can with 
the aid of my memory, but when this has faded away I shall pass into 
unconsciousness.” 

Besides these, he complained of peculiar sensory disorders. He saw objects 
as larger or smaller than they were, but since he knew their real size this elicited 
a disagreeable feeling from him. Looking into the mirror he found his reflection 
sometimes completely strange. He felt as though his limbs did not belong to 
him; he had to grasp or pinch them to ascertain that they really belonged to his 
body. Walking in the street he sometimes saw the walls of the two rows of 
houses converge as though they were about to fall on him. He illustrated the 
convergence of houses with a drawing. “At times I estimate distances wrongly. 
I say, for instance, that an object 3 yards away is 6 yards away; I enter into 
discussions regarding this and am surprised when I find out that I was wrong, 
for I could estimate distances well when I was in the army. It occurred that, 
wanting to take something off the table, I thought I could reach it and was 
surprised to find my outstretched hand about a yard from it. Sometimes I cannot 
estimate the size of objects; I think, for instance, that a penholder is 4 inches 
long, and then it is in vain for people to tell me it is more than twice as long, 
in vain for me to measure it; I believe it is 4 inches. At other times, especially 
in the morning, my sight used to be queer. The outlines of objects became 
indistinct; everything looked as if it were its own shadow.” He illustrated it 
with a drawing. “I saw the real object faintly and something even fainter 
around it, is if the whole thing had been in water, which distorts the sight. 
Sometimes I did not know where I was stepping, and when I stepped, I didn’t know 
whether I had put my foot down. It has also occurred that, playing chess, I 
reached past a piece and upset it.” 

Similar sensory disorders were frequent during his stay in the hospital. On 
March 17 he complained that he was unable to read, as often a line he began 
broke off in the middle and the continuation was two or three lines lower. He 
tried to continue reading at the level of the line begun, but this made no sense. 
as it belonged to another line. He missed objects when reaching for them, some- 
times by as much as half a yard (45 cm.). (This was verified by experiment.) 
In reaching for a glass he upset it. 

Studies of Postural Aititude Reflexes—Examination on May 5 and on several 
other occasions during observation furnished the following results: 


1. Basic Experiment: On passive rotation of the head toward the right, 
with the arms held horizontally forward, the right shoulder and arm rose slightly, 
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the right arm deviated toward the right; the left arm remained in the midline, 
and the trunk turned slightly toward the right. On passive turning of the head 
toward the left, the left shoulder and arm rose slightly; the left arm deviated 
to the left, and the position of the right arm remained unchanged while the trunk 
turned slightly toward the left. The reaction did not pass the normal limits 
of the basic experiment. The intensity of the reaction remained unchanged 
with the patient under hypnosis. 

2. Spontaneous Tendency to Elevation: The horizontally outstretched arms 
rose slightly after a few seconds. The right arm rose higher than the left. 
The reaction was unchanged during hypnosis. 

3. Divergence Phenomenon: The horizontally outstretched arms diverged 
slightly after a few seconds. The reaction was increased considerably with the 
patient in hypnosis. 

4. Pronation Phenomenon: The patient extended his arms horizontally with 
the palms turned downward. After a few seconds the radial edge of the left 
palm sank slightly, while that of the right palm remained in the same position, 
With the palms supinated the symptom was slightly positive on both sides. With 
the patient under hypnosis there were no differences in the positivity of the 
symptoms. 

5. Postural Persistence: The starting-point of this experiment was also a 
posture with both arms held forward horizontally. The patient was told to 
continue the horizontal position of one arm, and the position of the other was 
raised or lowered passively about 60 degrees above or below the horizontal arm. 
After maintaining this position for thirty seconds, the patient was requested to 
bring the experimental arm to the same level as the stationary one. In the first 
position the experimental arm was brought to about 3 cm. above the stationary 
arm, and in the second position, as much below, without the patient becoming 
conscious of the difference. With the patient under hypnosis the difference was 
increased in this instance to from 12 to 15 cm. The symptom was similarly positive 
en both sides when examined in the sensory form. 

6. Hyperflexion Symptom: This symptom was absent both in waking and in 
the hypnotic condition. 

7. Cerebellar Imitation Phenomenon: The patient lies supine. Moderate pas- 
sive flexion of the knee on one side is to be imitated on the other, either from 
hyperflexion or from hyperextension of the other knee. In both instances the 
patient imitated with a slight hyperflexion, i. e., a slightly more pronounced flexion 
of the experimental knee than of the knee used as a control. With the patient in 
hypnosis the symptom was equally slightly positive 

8. Induced Spontaneous Movements and Postural Changes: The patient lies 
on his back without a pillow, with his head slightly bent back and the limbs in 
a state of slight tension. 

(a) Flexion of the lower extremity at the hip had no effect on the upper 
extremity in the waking condition; under hypnosis the patient experienced slight 
tension without visible motion 

(b) Outward rotation of the hip joint in the waking condition caused slight, 
and in the hypnotic state pronounced, tension in the upper part of the arm, homo- 
laterally, without visible movement. 

(c) Passive dorsal flexion of the foot, which was ineffectual in the waking 
condition, resulted during hypnoses in sudden induced dorsal flexion of the homo- 


lateral fingers and wrist. 
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(d) Energetic passive dorsiflexion of the hallux was ineffectual in the waking 
condition on the right side, while on the left it was accompanied by a minimal 
dorsal flexion of the homolateral thumb. With the patient under hypnosis the 
experiment elicited equally sudden extension of the corresponding thumb on 
the two sides. This symptom was present equally on the two sides during hypnosis. 

No tonic phenomena were elicited by passive movements of the head and the 
upper extremity. 

All examinations were made with the eyes of the patient closed. Care was 
exercised to insure that he should not be aware of the eventual phenomena, lest 
he should try to correct them. The examinations were repeated several times 
both when the patient was in a waking and when he was in a hypnotic condition. 
The results were similar on each occasion. In the examination for Goldstein’s * 
induced tonic postural changes I followed the method of Hoff and Schilder:® The 
patient received no directions to submit to eventual motor tendencies; the only 
instruction was that he should lie with the limbs in slight tension. All experiments 
were carried out both when the patient was waking and when he was in a hypnotic 
condition. The patient was easy to hypnotize. In a hypnotic condition he obeyed 
commands, sat up, walked, rendered account of his observations, when questioned 
and was completely amnesic after hypnosis. It should also be mentioned that 
the basic experiment and the tests for the tendency to spontaneous elevation, 
divergence and pronation phenomena and postural persistence took place with 
the patient in a sitting position; tests for hyperflexion and cerebellar imitation 
phenomena, as well as for spontaneous movements and postural changes, were 
made when he was in a supine position. 

Course—The sensory disturbances of the patient gradually disappeared; except 
for that there were no changes in his condition when he was removed from the 
hospital by his family on May 27, 1933. 

On Nov. 25, 1933, the patient applied for supervision. His former complaint 
had ceased, but he had lost interest in everything. He felt that something had 
collapsed within him. “Only a year ago my imagination was fertile; now my 
mind is bleak. I lie all the day without a thought, without an interest. I can 
feel neither love nor pleasure.” He gave up his artistic and intellectual ambitions 
and considered whether he had not better choose a simple manual occupation. 
Objectively, there was pronounced decadence, both intellectually and emotionally. 

The sensory disturbances ceased entirely. There was considerable change to 
be found on examination of the postural and attitude reflexes. The phenomena of 
divergence and postural persistence, which had been markedly positive when the 
patient was under hypnosis, were then considerably less pronounced. The 
induced spontaneous movements and postural changes ceased both in the waking 
and in the hypnotic condition. Since, I have repeatedly had opportunity to 
examine the patient, without finding changes either in the neurologic or in the 
psychiatric picture. 

COMMENT 

The special interest in this case is due to the coincidence of several 
factors. It seems that, as far as one can judge, the schizophrenic 
process was during the entire time of rather limited extent. In addition, 
the patient felt his symptoms during the whole length of the process 
as neurologic ones; there were no psychic superstructures. His intel- 
ligence enabled him to observe his symptoms accurately. Practically 
during the whole length of the process he suffered from disturbances 
in the arrangement in space of the visual engrams and perceptions, 
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such as micropsia, macropsia, metamorphopsia, errors in estimating the 
distance and size of objects, breaks in the direction of lines when 
reading, etc. Besides these there were phenomena belonging to Pick’s 
group of autotopnosias. He often felt that his limbs were strange 
and had to pinch his legs to ascertain that they really belonged to him. 
At another time his sense of position was disturbed: He did not know 
where he stepped or whether he had reached the ground with his feet, 
The undeniable occurrence in this case of the disturbances of the body 
schema, as well as of metamorphopsia, indicates a pathologic process 
in the parieto-occipital region. Efforts toward a neuropsychiatric locali- 
zation were supported by the purely neurologic findings ; the divergence 
phenomenon and postural persistence, which were strongly positive in 
hypnosis, and the induced spontaneous movements and postural changes 
(Goldstein *) all point, if the cerebellum is unaffected, chiefly to a 
lesion of the parieto-occipital region (Gerstmann, Hoff and Schilder, 
Kauders,?! Gerstmann and Zingerle The last-mentioned author, 
in a paper on postural and attitude phenomena, described six cases 
and summed up the localization as follows: 


There was no serious demonstrable lesion in the pyramidal pathways in any 
of the cases. In four instances, however, there was certainly, or at least very 
probably, a pathologic process in one or both parietal lobes. Observations made 
by the Vienna school similarly support the view that the parieto-occipital region 
plays an important role as a primary cortical center for the postural and attitude 
phenomena. 


Not long ago I had an opportunity to observe a similar case. 


V. J., a farm laborer aged 45, after a blow in the left parietal region of the 
head, presented, in addition to symptoms of amnesic aphasia and displacement 
of the body schema in the direction of the injured hemisphere, a striking increase 
on the right side in the positivity of the postural and attitude reflexes. Symptoms 
of a lesion of the pyramidal tracts were entirely absent on this side. The only 
possible explanation to be found for the observations was the cessation of cortical 
inhibitions influencing the subcortical centers that regulate tonus and _ attitude. 
I intend to report this case in detail later. 


Accordingly, the symptoms in the patient whose case is reported— 
disturbances of the body schema, derangement of the visual elements in 
space, induced spontaneous movements, and postural changes—all 
seem to indicate a lesion in the lower part of the parietal lobe. Dis- 
turbances of the body schema are due to foci in the parietopostcentral 
region and in Elliot Smith’s sensorivisual band. The role of the gyrus 


10. Gerstmann, J.; Hoff, H., and Schilder, P.: Optisch-motorisches Syndrom 
der Drehung um die Ko6rperlangsachse, Arch. f. Psychiat. 76:766, 1926. 


11. Kauders, O.: Drehbewegung um die Ko6rperlangsachse, Ztschr. f. d. ges. 
Neurol. u. Psychiat. 98:602, 1925. 

12. Gerstmann, J.: K6rperrotation um die Langsachse bei cerebellarer 
Erkrankung, Arch. f. Psychiat. 76:635, 1926. 

13. Zingerle, H.: Klinische Studie tiber Haltungs- und Stellreflexe sowie 


andere automatische Kérperbewegungen beim Menschen, Ztschr. f. d. ges. Neurol. 


u. Psychiat. 105:548, 1926. 
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supramarginalis is strikingly proved in a case observed by Schaffer 
for years, in which histologic examination was also made. In this 
case there was bilateral softening in the gyrus supramarginalis. The case 
served as absolute proof that the sensory disturbances of superficial 
and profound sensibility known as topo-anesthesia and astereognosis 
are caused by lesions in the gyrus supramarginalis. Disorders in 
the arrangement of visual elements in space are due to lesions of the 
sensorivisual band and the parieto-occipital border area. This harmony 
in the clinical symptoms justifies the assumption of a schizophrenic 
process localized chiefly in the inferior part of the parietal lobe. As a 
further though indirect proof of the correctness of this attempt at locali- 
zation, | may mention the work of Hechst'® and Miskolezy.’® As a 
result of quantitative areal examinations of the cortex in thirteen cases 
of schizophrenia these authors observed an anatomic correlative of 
schizophrenia in the areal discontinuous affliction of the phylogenetically 
youngest and specifically human cerebral part. The inferior part of 
the parietal lobe is one of the regions most afflicted in Miskolezy’s *° 
brain maps showing the extension and gravity of the pathologic 
processes. 

Besides disturbances of the body schema and metamorphopsia, the 
most important symptom in my case was the dissociation of ideas 
into independent sensory, intellectual-critical and affective elements. 
This disturbance was to be found first in abstract ideas. There was 
no abstractum “father” for him. Each time he had to rebuild it from 
mnestic, critical and affective elements. The patient expressed this 
on one occasion (March 4) as follows: “An idea exists for me only 
in as much as I can grasp it in words. Ideas have become colorless 
and have lost their meaning, their affective significance.” The engram 
of his father or fiancée as a sum total of certain sensory impressions 
existed independently of the affective engram of these persons. Both 
engrams have to be united by conscious work if the patient is to have 
the feeling they elicited before his illness. At times the dissociation 
of ideas extended also to the sensory elements of ideas. The 
patient related once that he could grasp the idea of an object only 
by stating, “forced by some analytic impulse,” its sensory qualities, 
e. g., its color, shape, size, feel, substance, etc., and destination. Of 
course, this is not an analytic but a synthetic function, an active 
work of the ego to eliminate a deficiency, to make up as far as pos- 
sible the lack of the normal automatic functional addition of ideatory 
elements. Dissociation of ideas, side by side with unaffected self- 
consciousness, is a typically schizophrenic disturbance of thought. Its 
essentials are deficient reproduction of ideas, due to the splitting up of 
the contributing sensory, intellectual-critical and affective elements, 
and a disturbance in the formation of Gestalten. This symptom is 
usually present without a manifest interparietal syndrome; in cases of 


14. Schaffer, K.: Ueber doppelseitige Erweichung des Gyrus supramarginalis, 
Monatschr. f. Psychiat. u. Neurol. 27:53, 1910. 

15. Hechst, B.: Beitrage zur Histopathologie der Schizophrenie, Monatschr. 
f. Psychiat. u. Neurol. 87:32, 1933. 

16. Miskolezy, D.: Ueber das anatomische Korrelat der Schizophrenie, Ztschr 
f. d. ges. Neurol. u. Psychiat. 147:509, 1933. 
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schizophrenia with an interparietal syndrome, however, it is demon- 
strable without exception. Its manifestations are the inability to com- 
prehend complex situations as a whole, the inability to comprehend 
proverbs and idioms symbolically and the consecutive interpretation of 
proverbs as sensory images. Although the patient performs details of 
his task perfectly, he is unable to grasp the problem as a whole; he 
identifies heterogeneous ideas on the ground of inessential common 
sensory elements. 

It would exceed the limits of this paper to discuss the relation of 
the dissociation of ideas to the processual symptoms to be found in 
schizophrenia; I intend to point out merely that all processual schizo- 
phrenic disturbances of thought can be traced to this central phenomenon, 
the anatomic substratum of which may be formed by the diffuse 
rarefaction of the cells in the inferior part of the parietal lobe, which is 
highly involved in the schizophrenic process and which may be consid- 
ered as the cortical area for the formation of ideas, or Gestalten. One 
sees an essential analogy between the dissociation of ideas and distur- 
bances of the body schema and the arrangement of visual elements in 
space, as they are all considered functional disturbances of the formation 
of Gestalten. 

Similar cases are not rare. Gurewitsch '* observed an interparietal 
syndrome in four cases of schizophrenia and | ** reported four similar 
cases; since, | have succeeded in finding an indubitable interparietal 
syndrome in three more cases. Probably, an increased attention to focal 
symptoms in cases of schizophrenia will result in the discovery of a 
great number of similar cases. The same is true regarding disturbances 
of the postural and attitude reflex system and the induced postural 
changes; systematic examinations in this direction will probably result 
in an increase in the number of positive findings. Not long ago I had 
an opportunity to observe a case of catatonic stupor in which passive 
rotation outward of a lower extremity resulted in a slight rotation, 
also outward, of the homolateral upper extremity. Of course it must 
be borne in mind regarding the interparietal syndrome that in most 
patients these symptoms are transformed in the psychosis, often into 
bizarre delusions in which the fundamental focal symptom is hardly, 
or not at all, recognizable. 

It is remarkable that Sakel ** and Benedek *° recently observed great 
numbers of disturbances of the kind characteristic of the interparietal 
syndrome in experiments with insulin shock treatment for schizophrenia. 
According to Benedek, “indubitably the complicated structure and 
definitive wholeness of the process of optical recognition may be injured 
by large doses of insulin.” Thus, one must deal in these cases with 
the decomposition of the perceptions of time, space, shape and move- 

17. Gurewitsch, M.: Weitere Beitrage zur Lehre vom interparietalen Syndrom 
bei Geisteskrankheiten, Ztschr. f. d. ges. Neurol. u. Psychiat. 146:126, 1933. 

18. von Angyal, L.: Zur Bedeutung des interparietalen Syndroms bei der 
Schizophrenie, Arch. f. Psychiat. 102:107, 1934. 

19. Sakel, M.: Neue Behandlungsmethode der Schizophrenie, Vienna, Verlag 
Perles, 1935. 

20. Benedek, L.: Insulin-Schock-Wirkung auf die Wahrnehmung, Berlin, 
S. Karger, 1935. 
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ment as Gestalten-forming functions. In our clinic, systematic experi- 
ments have been made with the shock treatment for schizophrenia, 
mostly with Meduna’s *! metrazol shock but, to a less extent, also with 
Sakel’s insulin shock. In the course of the metrazol shock therapy, we 
observed symptoms related to the interparietal syndrome; their occur- 
rence in this instance was due to the occasionally observable transitory 
elucidation of the psychosis after the artificial epileptic seizure which is 
used as shock. This elucidation enables the patient to give an account 
of his visual perceptive disorders caused by the process, as of neuro- 
logic symptoms without psychic superstructures. Probably the shock 
therapy, which seems to be gaining ground now, will enrich knowledge 
of the neuropsychiatric symptoms of schizophrenia and will aid in 
finding a physiologically verifiable classification on the basis of the 
various cortical and subcortical lesions. 


21. Meduna, L.: Versuche iiber die biologische Beeinflussung des Ablaufes 
der Schizophrenie, Ztschr. f. d. ges. Neurol. u. Psychiat. 152:235, 1935. 
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USE OF TRI-CHLORETHYLENE IN THE TREATMENT 
OF MIGRAINE 


Preliminary Report, With Study Of Six Cases 
H. S. Rusinstern, M.D., BALTIMORE 


In 1915 Plessner* reported before the Berlin Medical Society a 
study of four cases of industrial poisoning in which, in addition to 
vertigo, nausea, vomiting and papilledema, the patients showed signs 
of anesthesia of the face. Although the acute symptoms subsided in 
two weeks, the trigeminal anesthesia persisted after eight months. An 
investigation showed that these workers had employed a grease 
remover and constituent of shellac which contained tri-chlorethylene 
(CHCl = CCl,), a chemical which was held to be the probable cause of 
the intoxication. 

At the suggestion of Oppenheim, who attended this meeting, Pless- 
ner used tri-chlorethylene in the treatment of patients suffering from 
tic douloureux and in 1916 reported relief in 85 per cent of the fourteen 
patients treated. Since this time a number of workers have used tri- 
chlorethylene in the treatment for trigeminal neuralgia, with varying 
results. Its usefulness is, perhaps, best reflected in the recent st: tistical 
analysis by Glaser,? in which it was stated that 27.4 per cent of 
patients were completely relieved and 43.3 per cent partially helped. 
According to this survey, therefore, 70.7 per cent of the patients were 
benefited. While evidence is accumulating to show that tri-chlorethylene 
produces a descending anesthesia, the earlier impression concerning its 
action was that it served through its effect on the trigeminal nerve. 

3ecause of this supposed association between tri-chlorethylene and 
the trigeminal nerve and because of the preponderant innervation of 
the dura by the trigeminal nerve,® it was deemed advisable to use this 
drug in the treatment for migraine, a condition in which the clinical 
picture is characterized by unilateral, lancinating headache. 

Accordingly, six patients who were known to have suffered from 
migrainous headaches for years were studied. 


REPORT OF CASES 
“ASE 1—E. E., a white boy aged 15, whose family history was irrelevant, had 
va hemicranial headache about once a week for five years. Each attack lasted 
an entire day and incapacitated the patient. Physical examination disclosed obesity 
of the Fréhlich type, with genital dystrophy and acrocyanotic, clammy hands. The 
intelligence was good, but in personality the patient was rather shy, shut in, over- 
conscientious in his studies and self sufficient socially. It is interesting in this 


From the Laboratory for Neuro-Endocrine Research, Surgical Division, the 
Sinai Hospital. 
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i 


RUBINSTEIN—TRI-CHLORETHYLENE FOR MIGRAINE 639 


regard that migrainous attacks usually came while he was out visiting with his 
parents. With full realization of the endocrinopathy, for which endocrine therapy 
was utilized, and with consideration of the personality implications, which were 
treated by means of distributive analysis and synthesis,t administration of tri- 
chlorethylene was added to the therapeutic procedure. At the onset of an attack 
15 minims (0.9 cc.) was inhaled, the drug being contained in an ampule which was 
crushed in a handkerchief. Before inhaling this substance the patient reclined on a 
bed, since in many instances there is momentary loss of consciousness, particularly 
if the whole content of an ampule is inhaled rapidly. Relief was usually obtained 
within an hour and frequently was instantaneous. After several months the head- 
aches became less frequent, and for two months prior to the time of writing there 
were no attacks. 

Case 2.—H. R., a white man aged 30, whose family history was noncontribu- 
tory, had suffered from severe unilateral headache in the frontal region after reading 
for ten years. The headaches recurred at irregular intervals but averaged about 
one a month. The attacks were accompanied by nausea and were aggravated by 
the slightest effort to concentrate. A myopic visual defect had been corrected by 
glasses. 

Tri-chlorethylene, 1 cc., was given by inhalation at the onset of an attack; 
relief was prompt, although the patient had to refrain from reading for the rest 
of the day in order to remain comfortable. It is interesting that this patient 
reported that the drug almost invariably put him to “sleep for a short while” 
(actually less than a minute as observed) and that on awakening the thought 
which was last in his mind before he became unconscious seemed still to be 
present. If the thought soon left him, relief was complete; if, however, it per- 
sisted, he needed to resort to a second ampule. 

Case 3.—H. E., a white man aged 44, had suffered from migrainous attacks, 
which occurred several times a week and were excited by constipation, from 
which he suffered habitually. Although “eatharsis prevented the onset of a 
headache, enemas failed to alleviate the condition once it had been excited. Tri- 
chlorethylene was used in the usual manner, with complete relief from the 
attacks. 

Case 4.—F. C., a white woman aged 33, whose family history was non- 
contributory, had had migrainous attacks at irregular intervals for twelve years. 
Each attack was accompanied by nausea and was refractory to the usual anti- 
cephalalgic drugs. She began to use tri-chlorethylene—1 cc. by inhalation—about 
one year prior to the time of writing. Since, in addition to the abortion of each 
attack there has been an increasing interval between attacks. 


Case 5.—B. S., a white woman aged 36, whose family history was noncon- 
tributory, had had migrainous headaches since early adolescence. They recurred 
several times a month and were not influenced by the usual drugs. Each attack, 
which was present on arising, left her incapacitated during the rest of the day. 
Tri-chlorethylene was used during the past year, with immediate, striking benefit 
and a definite tendency to prolong the intervals between attacks. 

Case 6.—M. S., a white woman aged 52, had suffered from periodic boring 
headaches since the age of 16. They recurred about once a month and compelled 
her to rest in bed for the entire day. At times the headache was so severe that 
the patient lay motionless, each movement resulting in aggravation of the dis- 


4. Diethelm, O.: Investigations with Distributive Analysis and Synthesis, 
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comfort. On several occasions marked vasomotor concomitants—pallor and 
sweating—were visible. During two attacks there was inability to move the arm 
and leg on one side of the body. 

About five years prior to the time of writing the patient entered the climacteric, 
and the headaches became more frequent, being present almost daily. At that 
time calcium gluconate and atropine, intended to aid the vasomotor instability, and 
a preparation of the anterior lobe of the pituitary gland (empirically given by 
mouth, since the specific hormones had not yet become available) were administered, 
with temporary relief, which lasted about six months. Headaches then recurred 
and remained refractory to the successive use of the various gonadotropic and 
estrogenic hormones and, more recently, of ergotamine. During the past year 
tri-chlorethylene had been employed; as in the other cases, the attacks were 
aborted, and the intervals between attacks were prolonged. 


COMMENT 

Although a year is relatively short and six is a small number of 
cases, it seems from the results here reported that tri-chlorethylene may 
be a valuable adjunct in the treatment for migraine. This opinion is 
based on the fact that during the year consistently beneficial results 
were obtained in all cases. It is to be appreciated, however, that the 
use of this drug is not to serve as a substitute for a painstaking survey, 
since it may be questioned whether the striking results obtained in 
case 1 would have occurred if the patient had not simultaneously been 
treated for the defects in personality and endocrine function. The 
probability concerning the mode of action of the drug is certainly against 
its direct influence on the underlying cause of the condition, since in 
accordance with the theories concerning the etiology of migraine,® it is 
almost certain that tri-chlorethylene fails to strike at the root of the 
difficulty. 

CONCLUSION 

Tri-chlorethylene had a beneficial effect on six patients treated for 

migraine during the past year. 


5. Riley, H. A.: Migraine, Bull. Neurol. Inst. New York 2:429, 1932. 
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NEURAL MECHANISMS CONTROLLING THE 
PALMAR GALVANIC SKIN REFLEX 
AND PALMAR SWEATING 


A CONSIDERATION OF AVAILABLE LITERATURE 


CHESTER W. DARROW, Pu#.D. 


CHICAGO 


Evidence that the autonomic nervous system as well as the innervation 
of the skeletal musculature finds representation within the cerebral cortex 
demands a revision of certain conceptions regarding the significance of 
autonomic changes. Especially is this the case with respect to the 
control of the palmar galvanic skin reflex and palmar sweat secretion.’ 
This peripheral autonomic activity, which available evidence indicates 
is related to manipulative activity, reactions of orientation and conative 
functions, may be linked neurologically as well as functionally through 
intermediate subcortical mechanisms, with activity at the higher cortical 
levels. The available evidence relating to the neural mechanisms is 
presented for consideration at this time, to the end that more atten- 
tion may be given the phenomena in neurologic studies where applicable 
data are accessible, and that investigators having facilities may be led 
to help in the solution of the problems which are implied. Implications 
regarding the central mechanisms apparently involved are offered for 
consideration by those interested in the problem of the psychoses and 
psychoneuroses. 

The view that the function of the secretory activity of the palms is 
primarily to provide a pliable adhesive surface facilitating tactual acuity 
and grip on objects provides a teleologic rationalization of the frequently 
observed association of palmar sweating with certain aspects of adaptive 
behavior. This secretory phenomenon represents, as has been shown by 
extensive consideration of the literature,? one of the many bodily 


From the Institute for Juvenile Research; Dr. Paul L. Schroeder, director. 

1. The terms palmar galvanic and palmar secretory activities are here used 
interchangeably. When electrical changes in the palm are measured in units of 
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tions, a straight line relationship with the amount of perspiration secreted per 
second. Darrow, C.: J. Gen. Psychol. 11:445-452, 1934. 
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mechanisms of preparation for activity. In the absence of such pre- 
paredness, as in relaxed sleep, the palms tend to be dry. This holds 
generally even in sleep during hot weather, when the body may be 
perspiring profusely on nonpalmar, nonplantar surfaces. Any increase 
in the prevailing alertness or what Head has referred to as the “vigi- 
lance” of the subject, whether by stimulation, by intention of movement, 


or “conation,” or by “shift in attention,” is commonly accompanied by 
an increase in palmar secretory activity. In conditions in which antici- 
patory preparation or apprehension has become exaggerated into chronic 
anxiety, palmar sweating is often persistent and excessive. These and 
many other observations cited in reviewing the subject indicate that in 
persons with intact nervous systems palmar sweating is commonly asso- 
ciated with activity at a high cortical level. 


CORTICAL CONTROL OF THE GALVANIC SKIN REFLEX 

That stimulation of the cortex in the region of the motor projection 
areas for the fore limbs * produces sweating in the footpads of the cat 
was demonstrated in 1905 by Bechterew.* Winkler in 1908 offered 
confirmation of this observation. That faradic stimulation of the cortex 
in these areas also produces galvanic reactions in the cat’s footpads was 
shown in 1930 by Langworthy and Richter ° and Wang and Lu.’ This 
was confirmed in 1936 by Spiegel and Hunsicker.* Langworthy and 
Richter identified the points on the cortex as being “just outside the 
motor area” and traced the tracts by slicing through the brain at suc- 
cessively lower levels and determining the points from which reactions 
might be obtained by stimulation. They identified tracts lateral to the 
main pyramidal bundles from the motor area, one presumably the 
frontopontile tract, and another, arising near the area for the hind 
limbs, presumably the temporopontile tract, as the probable pathways 
of the cortical impulses. Wang and Lu identified the points from which 
the responses were obtained as being within the motor region. There 


3. This corresponds to the premotor area (area 6 of Brodmann and FB of 
von Economo). Langworthy and Richter demonstrated in the cat a more caudal 
area, adjacent to the motor area for the hind limbs, which also gave rise to gal- 
vanic responses. 
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6. Langworthy, O. R., and Richter, C. P.: The Influence of Efferent Cerebral 
Pathways upon the Sympathetic Nervous System, Brain 53:178-193, 1930. 

7. Wang, G. H., and Lu, T. W.: Galvanic Skin Reflex Induced in the Cat 
by Stimulation of the Motor Area of the Cerebral Cortex, Chinese J. Physiol. 
4:303-326, 1930. 

8. Spiegel, E. A., and Hunsicker, W. C.: The Conduction of Cortical 
Impulses to the Autonomic System, J. Nerv. & Ment. Dis. 83:252-274, 1936. 
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seems little question, however, that the same areas were being dealt 
with by the two groups of investigators.’ Further observations of 
vegetative changes in the hands of monkeys after stimulation of the 
region (area 6 of Brodmann) immediately anterior to the true motor 
cortex have been offered in numerous papers by Fulton, Kennard, 
Watts and Viets,’® and others. There appears little question that at 
least in anthropoids the cortical region for this autonomic control is 
in the premotor cortex, anterior to the area from which motor responses 
are most easily elicited by electrical stimulation. Langworthy and Richter 
indicated that even in the cat the points of stimulation for galvanic 
activity are “adjacent” to the motor cortex. 

Function of the Premotor Area——The functions of the premotor 
area with which these autonomic changes are associated in the anthro- 
poids and man may be briefly outlined. Histologically, the premotor 
area is differentiated from the adjacent motor area by the (relative) 
absence of the large Betz cells. Whereas electrical stimulation of the 
motor area (area 4), as is well known, produces relatively specific 
peripheral movements depending on the points stimulated, it is also 
true that a stronger stimulus to the premotor cortex (area 6) may also 
effect motor responses, although these, as shown by Bucy,'! are gen- 
erally less easily elicited, less consistently uniform and more wide- 
spread and complex than those arising from the motor area. These 
movements are generally first apparent in the more distal portions of 
the extremities—a possible indication of their relation to complex 
manipulative functions. Various vasomotor and secretory changes, 
which may be regarded as facilitating manipulative activity, occur with 
these movements. 

When, according to a study by Bucy,"** a superficial cut 1 or 2 mm. 
in depth is made between the motor and the premotor cortex, the finer 


9. Responses were also obtained by Bechterew,* Winkler 5 and Wang and Lu? 
from the more frontal medial basal portion of the brain, but Wang and Lu dem- 
onstrated that these were attributable to the spread of stimulation to sensory 
fibers of the olfactory tract. 

10. (a) Fulton, J.; Kennard, M. A., and Watts, J. W.: Autonomic Repre- 
sentation in the Cerebral Cortex, Am. J. Physiol. 109:37, 1934. (b) Fulton, J. 
F.: Some Functions of the Cerebral Cortex: I. Autonomic Representation of 
the Cerebral Cortex, J. Michigan M. Soc. 33:175-182, 1934. (c) Kennard, M. A.; 
Viets, H. R., and Fulton, J. F.: The Syndrome of the Premotor Cortex in Man: 
Impairment of Skilled Movements, Forced Grasping, Spasticity, and Vasomotor 
Disturbance, Brain 57:69-83, 1934. 

11. (a) Bucy, P. C.: Electrical Excitability and Cyto-Architecture of the 
Premotor Cortex in Monkeys, Arch. Neurol. & Psychiat. 30:1205-1225 (Dec.) 
1933; (b) The Relation of the Premotor Cortex to Motor Activity, J. Nerv. & 
Ment. Dis. 79:621-629, 1934; (c) Areas 4 and 6 of the Cerebral Cortex and Their 
Projection Systems, Arch. Neurol. & Psychiat. 35:1396-1400 (June) 1936. 
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coordinated movements disappear and stimulation of the premotor 
region becomes ineffective unless there is considerable increase in the 
strength of the faradic stimulus. With stimuli of sufficient strength, 
however, movements may be elicited which are more coarse, rhythmic 
and progressive in type than those previously elicited. With continua- 
tion of the stimulus or with sufficient increase in its strength, the activity 
may become epileptiform. There may also be adversive movements of 
the head toward the side away from the cortical stimulus as if the ani- 
mal were attending to a source of sense organ stimulation in external 
space. Even the whole body may be rotated and the trunk bent as if 
in orientation toward a stimulus. The elicitation of galvanic reac- 
tions in the footpads through stimulation of the same region mediating 
these reactions suggests a possible basis for the fact that galvanic 
responses are generally concomitant with various forms of orientation. 

A deficit in the gray matter of the premotor cortex contributes 
further knowledge with reference to release of inhibitory restraint over 
secretory and postural mechanisms. Patients with deficit of the pre- 
motor cortex have been reported by Wilson and Walshe,’ Riddoch 
and Brain,’* Schuster and Pineas,’* Adie and Critchley,’® Freeman and 
Crosby,'® Walshe and Robertson’? and Kennedy '* as unable volun- 
tarily to relax the grip of an object in the hand contralateral to the 
lesion. Richter and Hines '® produced this “forced grasping” experi- 
mentally in the monkey by extirpation of the premotor cortex and the 
phenomenon has subsequently been studied extensively by Fulton, Jacob- 


12. (a) Wilson, S. A. K.: A Contribution to the Study of Apraxia, Brain 
31: 164-216, 1908. (b) Wilson, S. A. K., and Walshe, F. M. R.: The Phenome- 
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246, 1923. 

14. Schuster, P., and Pineas, H.: Weitere Beobachtungen tiber Zwangsgreifen 
und Nachgreifen und deren Beziehungen zu ahnlichen Bewegungsstorungen, 
Deutsche Ztschr. f. Nervenh. 91:16-56, 1926. 


15. Adie, W. J., and Critchley, M.: Forced Grasping and Groping, Brain 50: 
142-170, 1927. 
16. Freeman, W., and Crosby, P. T.: Reflex Grasping and Groping, J. A. 


M. A. 93:7-12 (July 6) 1929. 

17. Walshe, F. M. R., and Robertson, E. G.: Observations upon the Form and 
Nature of the “Grasping” Movements and “Tonic Innervation” Seen in Certain 
Cases of Lesions of the Frontal Lobe, Brain 56:40-70, 1933. 

18. Kennedy, F.: Symptomatology of Frontal and Temporosphenoidal Tumors, 
J. A. M. A. 98:864-866 (March) 1932. 

19. Richter, C. P., and Hines, M.: Experimental Production of the Grasp 
Reflex in Adult Monkeys by Lesions of the Frontal Lobe, Am. J. Physiol. 101: 
87-88, 1932. 
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sen and Kennard *° and others in the physiologic laboratory of Yale 
University. The condition of ‘forced grasping” is attended for a period 
of about ten days by profuse palmar sweating and by vasomotor dis- 
turbances of the extremity, as shown by Fulton and his co-workers *° 
and others. Dr. R. L. Jenkins and I have also collected records of 
simultaneous conductance changes ** from the two palms of hemiplegic 
and hemiparetic patients with cortical lesions showing, in the absence of 
atrophy (of disuse’), a general excess of secretory activity on the 
affected side. In the case of lesions of the premotor cortex the loss 
of the capacity for selective inhibitory control of opposing muscle groups 
following extirpation of the premotor cortex is doubtless an important 
factor contributing to the spasticity, the incoordination, the slowness 
of movement and the loss of initiative commonly observed. 

Further evidence of the relation of removal of premotor cortex to 
release of inhibitory restraint over postural mechanisms is offered by 
Magnus ** and Bieber and Fulton ** in their study of the relation of 
forced grasping to general posture. It has been shown by the latter 
workers that a monkey manifesting forced grasping as a result of 
lesions in both premotor areas will relax the grasp of the downward 
hand when he lies on one side. Similar behavior has recently been 
reported by Wechsler, Bieber and Balser ** for patients with this con- 
dition. As a righting response, automatic grasping would be useful, 
it was pointed out,** only as it occurred in the uppermost hand. This 
would presumably also be true for improvement of the grip by asso- 
ciated sweating of the palms. Our own results from simultaneous 
records of galvanic changes in the two hands of normal symmetrical 


20. Fulton, J. F.; Jacobsen, C. R., and Kennard, M. A.: A Note Concerning 
the Relation of the Frontal Lobes to Posture and Forced Grasping in Monkeys, 
Brain 55:524-536, 1932. 

21. Darrow, C. W.: Simultaneous Galvanic Reactions in Different Skin Areas, 
Psychol. Bull. 29:674-675, 1932. The use of resistance rather than conductance 
as an index of reactivity in studying the autonomic effects of one sided upper 
neuron lesions has misled some workers to infer a decreased rather than an 
increased reactivity of the affected side. 

22. Magnus, R.: Ko6rperstellung, Berlin, Julius Springer, 1924. 

23. (a) Bieber, I., and Fulton, J. F.: The Relation of Forced Grasping and 
the Grasp Reflex to the Righting Reflexes, Am. J. Physiol. 105:17-18, 1933; 
(b) A Physiologic Analysis of Reflex Grasping: The Relation of Forced 
Grasping and the Grasp Reflex to the Righting Reflexes, Arch. Neurol. & 
Psychiat. 32:433-434 (Aug.) 1934. (c) Fulton, J. F.: Forced Grasping and 
Groping in Relation to the Syndrome of the Premotor Area, ibid. 31:221-235 
(Feb.) 1934. 

24. Wechsler, I. S.: Bieber, I., and Balser, B. H.: Postural Reflexes in 
Patients with Lesions of the Frontal Lobe, Arch. Neurol. & Psychiat. 35: 1208-1215 
(June) 1936. 
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human subjects ** indicate that when a normal person with an intact 
nervous system lies on one side the palmar secretory activity tends to 
be reduced on the palm of the downward hand. Kuno ?° also observed 
postural effects on nonpalmar sweating. 

Grasping, furthermore, has been observed to be greatly increased 
when animals recovering from lesions of the premotor cortex have 
become frightened.?” The usefulness of grasping in the infant primate 
in situations of danger has led Craig ** to refer to it as an “effort at 
security.” Rabiner ** found the grasping response exaggerated in emo- 
tionally disturbed patients. With the sense of insecurity typical of 
chronic anxiety and certain states of depression, the palmar secretory 
activity is also frequently excessive.*® In fact, Hermann and Luch- 
in 1878 referred to profuse sweating of the cat’s footpads as 
Angstschweiss. The possibility that the same central mechanism is 


singer °° 


involved in lesions of the premotor cortex and in certain clinical condi- 


tions of anxiety and depression will be discussed after consideration of 
probable subcortical mechanisms. 


SUBCORTICAL MECHANISMS 

The pathways transmitting the positive effects of cortical stimula- 
tion are shown by the work of Langworthy and Richter ° to lie probably 
within the frontopontocerebellar and temporopontocerebellar tracts. 
They explain the association of the galvanic responses with cortical 
excitation of motor activity on the bases of the proximity of sympathetic 
cells to the motor connections in the cord. Their view implies 
that the same nerve fibers from the cortex serve both motor 
and autonomic functions. Spiegel and Hunsicker* supported this 
inference on the ground that following cortical injury motor and 
autonomic fibers degenerate simultaneously. That the connection 
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80:163-182, 1934. (c) Darrow, C. W., and Solomon, A. P.: Galvanic Skin 
Reflex and Blood Pressure in Psychotic States, Arch. Neurol. & Psychiat. 32:273- 
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is not, however, by way of the corticospinal tracts may be inferred 
from the fact that Langworthy and Richter did not find gal- 
vanic reactions following stimulation of the “true” motor cortex 
(area 4) or of the pyramidal tracts in their passage through the internal 
capsule and cerebral peduncles to a termination in the motor connections 
of the cord. This absence of galvanic responses to stimulation of the 
pyramidal motor pathways is perhaps best explained by assuming that 
fibers for the galvanic change are confined to the corticopontile tracts 
and that the response is relayed to the spinal cord through centers 
of the extrapyramidal (parapyramidal) system which lie above the 
cord. Although Spiegel and Hunsicker * obtained reactions after they 
had severed all but the pyramidal and corticopontile tracts, they argued 
on a priori grounds against transmission of the impulses by the cortico- 
pontile system. 

That the centers involved in relaying the galvanic response after 
cortical stimulation are not, however, necessarily those of the hypo- 
thalamus is implied by the fact that Wang and Lu‘ found no decrease 
in the reaction after the hypothalamus had been presumably eliminated 
by cutting above and below it. They completely abolished the response to 
cortical stimulation by cutting the cerebral peduncles, a result not, 
however, confirmed by Spiegel and Hunsicker when they cut through 
the cerebral peduncles at the more caudal level of the pons. 

If the palmar effects of cortical stimulation are relayed by a non- 
hypothalamic center above the level of the cord, a possible location 
for such a mechanism is in the tegmentum or region of the pons where 
fibers from the premotor area largely terminate.*t Langworthy and 


Richter demonstrated galvanic reactions from stimulation of the ves- 


31. The possibility that some fibers from the premotor cortex, as indicated by 
E. C. and H. E. Hoff (Spinal Terminations of the Projection Fibers from the 
Motor Cortex of Primates, Brain 57:454-474, 1934), by E. C. Hoff (Corticospinal 
Fibers Arising in the Premotor Area of the Monkey: Distribution of Bouton 
Terminations, Arch. Neurol. & Psychiat. 33:687-697 [April] 1935) and by M. A. 
Kennard (Corticospinal Fibers Arising in the Premotor Area of the Monkey 
as Demonstrated by the Marchi Method, ibid. 33:698-711 [April] 1935), may 
extend through to the cord does not greatly affect this view. Furthermore, a 
personal communication from Dr. S. Poljak (1934) indicates, on the basis of a 
study of lesions of the premotor areas in monkeys, that the mass of extrapyramidal 
tract fibers from the premotor area pass through the internal capsule into the 
cerebral peduncles with perhaps some connection with the caudate nucleus, but with 
little indication of direct thalamic or lenticular connection (save for a few fine 
fibers, possibly vegetative, to the thalamus), and largely disappear into the gray 
matter of the substantia nigra and pontile nuclei. “A few thin bundles remain 
which can be followed imbedded within the medial lemniscus as far as the genu 
of the facial nerve or down to the level of the superior olive. Farther down this 
system is no more present.” There seems little doubt that the fibers from the pre- 
motor cortex largely terminate at the general level of the pons. 
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tibular nuclei and the rubrospinal tract but not from stimulation of 
the nucleus ruber. A center or centers mediating galvanic responses 
within this region may provide an anatomic basis for the fact that 
palmar galvanic changes are intimately related to aspects of postural 
orientation, tonus and dynamogenesis* which have been classically 
attributed to tegmental, pontile and cerebellar mechanisms. A possible 
more caudally located center in the floor of the fourth ventricle js 
suggested in the location by Winkler,> Foa and Peserico** and Has- 
ama ** of an area producing reaction on stimulation in the region of 
the vagus nucleus, just anterior to the calamus scriptorious. 

The autonomic effects of extirpation’® of the premotor cortex 
may, of course, be mediated by mechanisms different from and inde- 
pendent of those which are active following cortical stimulation. One 
may infer in the case of injury or removal of the premotor cortex that 
the locus of the mechanisms which are presumably thereby released from 
restraint is not at the termination of motor fibers in proximity to 
sympathetic cells in the spinal cord from the fact that, following 
section of the upper part of the cord, the ensuing secretory changes 
occur in a temporal order the reverse of those following extirpation 
at the premotor level. After extirpation of the premotor cortex there 
is an initial period of excessive autonomic activity in the contralateral 
limb, followed after several weeks by a condition of dryness or even 
of atrophy,’® whereas after lesions of the spinal cord events occur 
in the reverse order. As shown by Head and Riddoch,** Craig and 
Hare *° and Richter and Shaw,** there is following lesions of the spinal 
cord initially a condition of extreme dryness of the skin associated 
with atonicity of the musculature and absence of the spinal reflexes, 
and later, when the reflexes return, there is again a moist skin and 


32. Foa, C., and Peserico, E.: Le vie del reflesse neurogalvanico, Arch. de 
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the sweat glands may again become reactive or even hyperactive to 
afferent stimulation. In other words, the evidence suggests that follow- 
ing extirpation of the premotor cortex a center intermediate between 
the cortex and the cord is directly or indirectly released from inhibitory 
control. 

Two of the most likely locations for the mechanisms mediating 
autonomic (parasympathetic?) release following extirpation of the pre- 
motor cortex are: (1) the same centers in the tegmental or pontile 
region that have already been mentioned as possibly mediating the 
galvanic and secretory responses to cortical stimulation and (2) the 
tuber cinereum and anterior portion of the hypothalamus or adjacent 
prechiasmic region. 

In favor of location of the release phenomena in the pontile region, 
which may tentatively be suspected of relaying the effects of cortical 
stimulation, are the facts: (1) that there is a galvanic reaction to stimu- 
lation of the vestibular nuclei and rubrospinal tracts ®° and (2) that there 
is a relation of this region to postural orientation, tonus and dynamo- 
genesis.” 

In favor of the location of the secretory release phenomena in the 
hypothalamus, especially in the tuber cinereum and anterior portion of the 
hypothalamus or still more anterior prechiasmic region, are the facts: 
(1) that this region may function independently of the cortex as shown 
by its mediation (in conjunction with the thalamus? *’) of reflex gal- 
vanic and secretory responses to afferent stimuli after decerebration, 
a function not apparently performed in acute experiments by the more 
caudally located mesencephalon; (2) that stimulation of the anterior 
portion of the hypothalamus and adjacent prechiasmic region gives rise, 
in addition to sweating, to numerous parasympathetic responses very 
similar to those which follow extirpation of the premotor cortex, and 
(3) that destruction in the hypothalamus may produce postural effects 
similar in many respects to those of extirpation of the premotor plus 
the adjacent frontal cortex. 

Hypothalamic Mechanisms.—That the hypothalamus may contribute 
to the excitation of cutaneous secretory activity there is little doubt. 
Karplus and Kreidl,** Hasama,** Wang and Richter,*° Langworthy and 


37. It is not perfectly clear that the studies on which this statement is based 
eliminated the thalamus as a part of the mechanism of reflex response. 
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2:279-284, 1928. 


650 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


Richter,° Wang and Lu‘ and many others have demonstrated galvanic 
or sweating responses to electrical stimulation of this region. Especially 
marked responses to slight stimulation were also obtained by Winkler 5 
and by Hasama *® from the more anterior prechiasmic region. Further- 
more, Dennig ** and Wang, Pan and Lu ** demonstrated that galvanic 
reflex responses to faradic stimulation of afferent nerves could be 
obtained following section through the brain if the lesion were above 
the level of the hypothalamus (and thalamus?), but not when it was 
made below. That the faradic (strong?) stimulation of afferent nerves 
would under normal conditions cause pain renders it not unlikely that 
pain may be an effective stimulus to galvanic responses mediated by 
this region. 

Hasama *® was inclined to regard the more anterior portion of the 
hypothalamus and the prechiasmic region—from which sweating was 
most profusely and easily elicited along with various parasympathetic 
manifestations following application of warmth—as a parasympathetic 
cooling center; he was inclined to regard the more posterior areas— 
from which a slight sweating was elicited by electrical stimulation or 
on application of cold—as a sympathetic temperature-maintaining cen- 
ter. That the central and posterior portion of the hypothalamus con- 
tributes to maintenance of bodily heat is supported by the studies of 
Isenschmid and Krehl,** Isenschmid and Schnitzler‘** and Bazett, 
Alpers and Erb.*®° Other presumably “sympathetic” effects from stimu- 
lation of the central and more caudal portions of the hypothalamus 
are almost too numerous to mention. The fact that sweating is most 
easily elicited by stimulation of the anterior hypothalamus and pre- 
chiasmic region and that such stimulation produces certain well recog- 
nized parasympathetic effects merits more particular mention. Beattie * 
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diac Functions, Canad. M. A. J. 26:278, 1932; (b) Hypothalamic Mechanisms, ibid. 
26: 400-405, 1932. 
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and Ranson, Kabat and Magoun ** in recent papers reported reactions 
such as slowing of the heart, contractions of the bladder, vasodilatation, 
drop in the blood pressure, decreased rate and depth of respiration and 
gastro-intestinal activity. Since many of these same parasympathetic 
effects are observed following removal of the premotor cortex, some 
workers have even suspected that this portion of the hypothalamus 
may be subject to release from inhibitory restraint following premotor 
injury. The evidence on this point is far from conclusive. 

It may nevertheless be conceded that the ability of the hypothalamus 
(in conjunction with the thalamus?) to function in a reflex manner 
in the production of sweating of the footpads on afferent stimulation 
following decortication makes it a not unlikely site for the initiation of 
parasympathetic activities which are directly or indirectly released from 
control following extirpation of the premotor cortex. Beattie *® even 
suggested that the anterior, predominantly parasympathetic mechanisms 
may exercise an inhibitory or restraining influence over the more pos- 
terior predominantly sympathetic mechanisms. Although Ranson, Kabat 
and Magoun ** found parasympathetic manifestations on stimulation 
of the prechiasmic region, in a later paper Kabat, Magoun and Ran- 
son **® stated that they had been able to trace points of stimulation 
producing certain parasympathetic-like effects forward even as far as 
the region of the forebrain. They questioned whether the prechiasmic 
parasympathetic effects are attributable to a true “center” in this region. 
The fact that contractions of the bladder were recorded on stimulation 
of a tract passing from this anterior region through the posterior hypo- 
thalamus suggests the possibility that, if this or similar tracts carrying 
sweat fibers pass caudal from the anterior portion of the hypothalamus, 
the stimulation or destruction of such tracts might account for effects 
of stimulation or destruction of these posterior areas on sweating. The 
problem presented requires the Horsley-Clark stereotaxic technic for 
its solution. 

There is the further question whether the mechanism causing 
increased sweating following extirpation of the premotor cortex involves 
a direct release of autonomic centers from inhibitory restraint. An 
alternative possibility, which at present appears a likely one, is that 
palmar secretory symptoms following extirpation of the premotor cor- 


47. (a) Ranson, S. W.; Kabat, H., and Magoun, H. W.: Autonomic Responses 
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and Ranson, S. W.: Electrical Stimulation of Points in the Forebrain and Mid- 
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tex may result secondarily from stimulation of the subcortical sweat 
centers by impulses from the released mechanisms which give rise to the 
tonic or spastic postural effects. 

Hypophysial Activity—Closely associated with the fact that sweat- 
ing and parasympathetic effects may be elicited by hypothalamic stimy- 
lation are the facts: (1) that the posterior hypophysis, as early shown 
by Kary,** Pines,*® Greving,’® Cushing and others, is innervated by 
a tract from the adjacent supra-optic (suprachiasmic) area; (2) that 
stimulation of this tract, as shown by Karplus and Peczenik,®? may 
increase the posterior pituitary content of the fluid of the cerebral 
ventricles; °* (3) that pituitary secretion as shown by Cushing and 
Goetsch,** may be identified in the human ventricular fluid ;°* (4) that 
intraventricular injections of pituitary, as shown by Cushing,®® may 
occasion profuse sweating associated with lacrimation, salivation, vaso- 
dilatation, gastro-intestinal activity, slowing of the heart, fall in blood 
pressure and other parasympathetic manifestations which are, generally 
speaking, in contrast with the effects of intravenous injections of the 
hormone, and (5) that “emotional” stimuli, as shown by Hoff and 
Wermer,*® may also produce increase of intraventricular pituitary. 


48. Kary, C.: Pathologisch-anatomische und experimentelle Untersuchungen 
zur Frage des Diabetes insipidus und der Beziehungen zwischen Tuber cinereum 
und Hypophyse, Virchows Arch. f. path. Anat. 252:734-747, 1924. 

49. Pines, I. L. J.: Ueber die Innervation der Hypophysis cerebri, Ztschr. f. 
d. ges. Neurol. u. Psychiat. 100: 123-138, 1925. 

50. Greving, R.: Beitrage zur Anatomie der Hypophyse und ihrer Funktion: 
I. Eine Faserverbindung zwischen Hypophyse und Zwischenhirnbasis (Tr. supra- 
optico-hypophyseus), Deutsche Ztschr. f. Nervenh. 89:179-195, 1926. 

51. Cushing, H.: Papers Relating to the Pituitary Body, Hypothalamus and 
Parasympathetic Nervous System, Springfield, Ill., Charles C. Thomas, Publisher, 
1932. 

52. Karplus, J. P., and Peczenik, O.: Ueber die Beeinflussung der Hypo- 
physentatigkeit durch Erregung des Hypothalamus, Arch. f. d. ges. Physiol. 232: 
402-408, 1933. 

53. This is questioned by E. M. K. Geiling (The Posterior Hypophysis, J. A. 
A. 104:738-741 [March 2] 1935). 

54. Cushing, H., and Goetsch, E.: Concerning the Secretion of the Infundibular 
Lobe of the Pituitary Body and Its Presence in the Cerebrospinal Fluid, Am. J. 
Physiol. 27:60-86, 1910. 

55. (a) Cushing, H.: The Reaction to Posterior Pituitary Extract (Pitu- 
itrin) When Introduced into the Cerebral Ventricles, Proc. Nat. Acad. Sc. 17: 
163-180, 1931; (b) Concerning a Possible “Parasympathetic Center” in the Dien- 
cephalon, ibid. 17:253-264, 1931. 

56. Hoff, H., and Wermer, P. V.: Untersuchungen iiber die Sekretion des 
Pituitrins unter dem Einfluss harntreibender Mittel: VI. Ueber psychische 
Beeinflussung der Tatigkeit des Hypophysenhinterlappens, Arch. f. exper. Path. u. 
Pharmakol. 133:84-102, 1928. 
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Although the exact mechanism and even the existence ** of the effect 
in the intact animal are still matters of debate, there is nevertheless 
the possibility that it may contribute to the secretory and galvanic 
changes here under consideration. 

Spinal Connections —From centers in the brain, sweat fibers appar- 
ently pass by way of the lateral columns in the cat (rubrospinal and 
corticospinal tracts, Langworthy and Richter °) to the lateral horn cells, 
providing thereby connections with fibers going by way of the ventral 
roots to the sympathetic chain. In the cord of the cat, Wang and Mok 
found extensive crossing of sweat fibers between the tracts of the right 
and left sides, leading them to infer on each side two direct systems 
and one crossed system. 

Peripheral “Sympathetic” Connections.—It will be recalled that 
typical, sympathetic connections with peripheral organs involve nerve 
cells within the gray matter (lateral horns) of the spinal cord, whence 
white myelinated fibers pass out via the ventral roots of the cord 
through the white rami communicantes to the ganglion cells of the 
sympathetic chain. Within these ganglia of the sympathetic system 
connection is made with nerve cells from which fine, generally unmye- 
linated fibers pass by way of the gray rami communicantes into the 
main nerve trunks by which the sympathetic fibers are distributed to 
the various sympathetically innervated peripheral bodily structures, such 
as the blood vessels, the erector muscles of the hairs and the sweat 
glands. 

Anatomically, the conduction of impulses to the sweat glands unques- 
tionably involves the sympathetic chain. Goltz, Freusberg and Ger- 
gens ** demonstrated in 1875 that sweating of the footpads of the cat 
may be elicited by stimulation of the sciatic nerves, and Luchsinger *° 
in the following year showed that cutting the rami communicantes of 
the sympathetic chain was followed by cessation of sweat, but that 
stimulation of the peripheral cut ends produced sweating. Adamkie- 
wicz,©° in the cat, and Schilf and Schuberth,"' in the frog, have shown 


57. Geiling.53 


58. Goltz, F.; Freusberg, A., and Gergens, E.: Ueber gefassweiternde Nerven, 
Arch. f. d. ges. Physiol. 11:52-100, 1875. 
59. (a) Luchsinger, B.: Neue Versuche zu einer Lehre von der Schweiss- 


sekretion, ein Beitrag zur Physiologie der Nervencentren, Arch. f. d. ges. Physiol. 
14:369-382, 1876. (b) Hermann and Luchsinger.®° 

60. (a) Adamkiewicz, A.: Zur Lehre von der Schweiss-sekretion, Arch. f. 
Physiol., 1880, pp. 159-162. (b) Die Secretion des Schweisses, Berlin, A. Hirsch- 
wald, 1878. 

61. Schilf, E., and Schuberth, A.: Ueber das sogenannte psychogalvanische 
Reflexphanomen beim Frosch und seine Beziehung zum vegetativen Nervensys- 
tem, Arch. f. d. ges. Physiol. 195:75-95, 1922. 
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further that with the sympathetic chain left intact the spinal cord can 
be cut and stimulation of the more rostral end of the body will stil] 
occasion galvanic responses from the hind limbs, the impulses presuma- 
bly being transmitted over the sympathetic chain. Tower and Richter ® 
offered evidence that the sympathetic chain may even function to main- 
tain autonomic tonus, and that when it is completely disconnected from 
the spinal cord it may prevent the skin resistance from becoming 
excessively high for a considerable period of time. According to 
Schwartz,®* it may even mediate reflex responses to extreme local 


pressure. 


FUNCTIONALLY PARASYMPATHETIC CHARACTERISTICS OF THE 
PERIPHERAL SWEAT MECHANISMS 


Notwithstanding the anatomic evidence of innervation of the sweat 
glands by the thoracolumbar sympathetic system, it is easy to under- 
stand, entirely aside from the prevailingly parasympathetic effects ot 
cortical and prechiasmic stimulation referred to earlier in this paper, 
why many workers have regarded sweating as a parasympathetic fune- 
tion.** The peripheral sweat glands behave with respect to drugs in 
practically all details like a parasympathetic mechanism. For example, 
sweating is increased by pilocarpine and is inhibited by atropine.® 
Epinephrine has given indication of inhibition, as in the studies of 


62. Tower, S. S., and Richter, C. P.: (a) Injury and Repair Within the 
Sympathetic Nervous System: I. The Preganglionic Neurons, Arch. Neurol. & 
Psychiat. 26:485-495 (Sept.) 1931; (b) II. The Postganglionic Neurons, ibid. 
28:1139-1148 (Nov.) 1932; (c) III. Evidence of Activity of Postganglionic 
Sympathetic Neurons Independent of the Central Nervous System, ibid. 28:1149- 
1152 (Nov.) 1932. 

63. Schwartz, H. G.: Reflex Activity Within the Sympathetic Nervous Sys- 
tem, Am. J. Physiol. 109:593-604, 1934. 

64. Darrow, C. W.: The Palmar Galvanic Skin Reflex (Sweating) and Para- 
sympathetic Activity, Am. J. Psychol. 48:522-524, 1936. 

65. Hasama °° found some indication that ergotoxine inhibits the limited “sym- 
pathetic sweating’ following application of cold and other stimuli to the more 
posterior portion of the hypothalamus. Instances recorded in the literature in 
which pilocarpine decreased galvanic reactivity may be attributed to approach to 
the physiologic limit of the sweat mechanism or to the physical limit of the 
resistance-measuring technic. Instances in which atropine failed to reduce galvanic 
response may be attributed either to use of insufficient atropine or to failure to 
consider the relation of resistance change to resistance level. It is likely that 
certain discrepancies in results which have been reported would never have appeared 
had the workers kept current constant and used conductance as their index of 


physiologic activity.) 
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Knauer and Billigheimer,®* Parrisius,°* Langley and Uyeno®* and 
Guttmann.®*” 
been noted. Following unilateral section of the sympathetic connec- 
tions, Vulpian,*® Knauer and Billigheimer,®* Langley and Guttmann 
found that sweating induced by pilocarpine may even be more marked 
on the side of the lesion than on the opposite side. Whether the result 


is attributable directly to effects on the sweat glands or only secondarily 


In many studies, however, no effect of epinephrine has 


to local effects on circulation does not appear conclusively settled, not- 
withstanding several approaches to the problem. Ergotoxine, which is 
generally assumed to produce inhibition of sympathetic mechanisms, 
has little inhibitory effect on the secretory reactions, as shown by 
Hasama and more recently by Solomon.” 

Of further importance is the apparent dependence of excitation of 
sweat glands on the transmission to them of an acetylcholine-like sub- 
stance from the nerve ends similar to that which is known to mediate 
responses of unquestioned parasympathetic mechanisms. Dale and Feld- 
berg ** identified such a substance in the venous return circulation from 
the sweating footpads of the cat. Mathematical equations rationalizing 
the galvanic curve suggest that it is probably on account of the depen- 
dence of sweat gland activity on such humoral transmission that there 


66. (a) Knauer, A., and Billigheimer, E.: Ueber organische und funktionelle 
Stérungen des vegetativen Nervensystems unter besonderer Beriicksichtigung der 
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Neurol. u. Psychiat. 135:1-48, 1931. 
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119, 1922, 
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are the delay, the apparent cumulative effects, the long duration and 
the characteristic rate of recovery in galvanic curves." 

Question of Double Innervation—Some workers have seen in the 
evidence the basis for a mutually opposing double innervation of the 
sweat glands similar to that which characterizes other autonomic mecha- 
nisms. Foerster,’® Hara,’® Gagel ** and Guttmann,® for example, have 
offered evidence which seems to lead to such a conclusion. They noted 
that stimulation of the peripheral ends of the cut posterior roots of 
the spinal cord appeared to cause an inhibition of sweating. Since 
parasympathetic influences, such as impulses causing vasodilatation, 
may be transmitted via the posterior roots, this conclusion seemed con- 
vincing. Actually, however, it may be that the finding results from 
the methods of observation, since the aforementioned workers depended 
on visual inspection to determine the presence or absence of sweat. 
Local vasodilatation, which is occasioned by stimulation of posterior 
roots, may cause an increase in the temperature and a more rapid local 
evaporation of sweat on the areas of skin supplied by the stimulated 
posterior roots. Langley *' and Schilf and Mandur,* observing visu- 
ally, found no inhibitory influence, and when galvanic recording was 
substituted by Wang and Lu * for the visual inspection, no appreciable 
effect of the stimulation of the dorsal roots could be detected. Recently 
Kuré, Okinaka, Maéda and Kato 
parasympathetic” excitation of the foot pads of the cat by way of the 


80 


have offered evidence for a “spinal 


posterior roots as earlier suggested by Foerster.** In the case of the 
fore paws the fibers arise at the level of the last cervical and first 
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thoracic nerves, three segments above the rami responsible for the 
sympathetic innervation. It is apparently, in part at least, independent 
of the sympathetic chain. 

Question of a Sympathico-Adrenal Inhibitory E ffect—In contradis- 
tinction to results which seem to be prevailing against the possibility 
of a neural parasympathetic inhibitory control of sweating is the indi- 
cation that under conditions of strong excitation there is a self-limiting 
effect of sympathico-adrenal mechanisms on secretory activity. Briefly, 
there is considerable evidence that either the vasoconstriction or the 
epinephrine produced by strong sympathetic excitation may tend to limit 
activity of the sweat glands. The observation that pilocarpine-induced 
sweating is more profuse on the side of a sympathetic lesion than it 
is on the other has been interpreted by some as due to a greater vaso- 
dilator effect of the drug resulting in increased circulation in the 
absence of a sympathetic vasoconstrictor control. In numerous experi- 
ments, as already noted, ephinephrine has been observed to produce 
an apparent reduction in sweating.*! 

Dr. R. L. Jenkins and I have observed a marked reduction in palmar 
galvanic reactions to sensory stimulation following intravenous injection 
of as little as 0.05 cc. of 1:1,000 epinephrine. The effects on the 
reaction were tested in an effort to account for the fact that crucial 
ideational stimuli are frequently attended in our experiments by very 
small, sometimes even no, galvanic reactions.*? The fact that in the 
case of familiar sensory stimuli, which ordinarily produce large galvanic 
reactions attended by relatively small increase in blood pressure, a 
preceding injection of epinephrine may effect a rise in blood pressure 
and a decrease in, or an elimination of, the galvanic response to sensory 
stimulation, lends support to the view that after disturbing stimuli 
observations of small galvanic responses attended by marked rise in 
blood pressure may be a consequence of medullo-adrenal secretion. 
It has seemed not unlikely that the apparent reduction of palmar 
reaction under these conditions is attributable to a direct inhibitory 
action of epinephrine on the peripheral parasympathetic-like mechanisms 
of the sweat glands. A central influence is, of course, not ruled out. 
Teleologically considered, such a mechanism might function to prevent 
excessive palmar sweating under conditions of extreme excitation. 


Probable Combined Sympathetic and Parasympathetic Excitation of 
the Sweat Glands.—Notwithstanding accepted evidence that the innerva- 
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tion of the sweat glands is by way of the sympathetic chain, the fact must 
be faced that in many cases excitation of centers in the brain produces 
galvanic responses attended by parasympathetic activity in various 
bodily structures other than the sweat glands. This, however, would 
not readily occur if the excitation of galvanic activity must invariably 
be mediated by excitation of the sympathetic chain. It would not occur 
because in the first place the sympathetic chain is notoriously given 
to the production of mass effects, and when one sympathetic mechanism 
is excited through the sympathetic chain other sympathetic mechanisms 
share in the excitation. It would not occur because in the second place 
a generalized sympathetic activity sufficient to cause an appreciable 
galvanic response would tend to neutralize or even overshadow para- 
sympathetic influence on other bodily structures. The only way to 
account for the frequently observed parasympathetic concomitants of 
palmar galvanic and secretory activity is to assume that, following 
the stimulation of parasympathetic centers in the brain, impulses may 
pass through the sympathetic chain to the sweat glands without pro- 
ducing an appreciable excitation of the ganglionic mechanism. It will 
probably have to be assumed that this occurs notwithstanding the 
existence of a synaptic connection within the chain. Recent evidence 
that there may be a direct spinal parasympathetic connection through 
the posterior roots,*° of course, provides an alternative. 

The hypothesis is tentatively set forth that impulses to the sweat 
glands may fall into three general classes: (1) those from the central 
nervous system which pass through or avoid the sympathetic chain—these 
may be accompanied by parasympathetic effects on other structures; (2) 
those which reach the sweat glands as a consequence of generalized 
excitation of the sympathetic chain—these will be accompanied by sym- 
pathetic effects in other bodily structures, and (3) those which repre- 
sent a combination in varying proportions of types 1 and 2—these may 
be attended by variable or by “zero” effects on other bodily structures. 
In the case of the mixed type the question remains whether the effects 
of the differently transmitted impulses on the sweating are additive or 
in some fashion merely supplementary. A tendency observed in our 
studies of the galvanic recovery curve for a fall in blood pressure to 
accompany the briefer, more sharply peaked galvanic responses (as 
after familiar sensory stimuli) and for a rise in blood pressure to attend 
reactions followed by a delayed recovery might be accounted for by this 
hypothesis. 

In any event, the fact that sympathetic and parasympathetic influ- 
ences on the sweat glands (under moderate conditions of excitation) 
apparently do not neutralize one another as in the case of other auto- 
nomic structures may possibly account for the unique significance of 
this function as an index of general preparatory and facilitative’ 
bodily processes. 
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Peripheral Distribution of Fibers—A further fact regarding the 
peripheral mechanism of sweating, which is of considerable interest 
if not significant, is that the distribution of the peripheral sweat fibers 
corresponds almost exactly with that of the fibers for pain, somewhat 
less closely with those for touch, and relatively poorly with those for 
heat and cold. Guttmann °® demonstrated this in the case of neurologic 
lesions, using the iodine-starch technic of Minor for purposes of visual 
demonstration. Dr. R. L. Jenkins and I have found a corresponding 
spatial distribution and temporal course of loss of pinprick sensitivity, 
elevations of skin resistance, and disappearance of microscopically 
observed sweat following procaine block of the ulnar or median nerves. 
The fact that the fibers both for pain and for the sympathetic connec- 
tions are of small caliber may be important. 


69 


NONPALMAR SWEATING 

While this topic is outside the province of this paper, it is of interest 
that the peripheral distribution of the sweat fibers on the trunk is 
anatomically in agreement with other indications of mass or diffuse 
effects of sympathetic excitation. Stimulation of a single ventral spinal 
root or sympathetic ganglion produces sweating over a considerable 
area above and below the point stimulated. This is in marked contrast 
to stimulation of a dorsal root where the nerve supply is revealed 
by vasodilatation to be limited to a single dermatome or segment of 
the body. The primary function of sweat in nonpalmar areas is appar- 
ently the control of temperature. 

Face——In the case of the face the possibility or even the probability 
of a parasympathetic innervation must be considered apart from evi- 
dence already presented. Not only has increased sweating frequently 
been observed following lesions of the sympathetic supply, but gustatory 
stimuli have been observed in some instances to occasion perspiration. 
Guttmann °° discussed the evidence and offered a diagrammatic repre- 
sentation of the probable innervation of the facial sweat glands. 


PSYCHOPATHOLOGIC MANIFESTATIONS AND APPLICATIONS 


Application 1—The apparent relation of palmar galvanic activity 
to alertness and attention * suggests two possible manifestations of the 
change in pathologic conditions which may have application in the study 
of abnormal mental states. The first of these is the possible use of 
palmar resistance or conductance level in the comparison of levels of 
alertness from sleep or narcolepsy at one extreme to apprehension or 
anxiety at the other. Studies by Richter *? and by Darrow and Solo- 


9° 


mon *°¢ illustrate such relationships. 
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The measure may further be valuable as an indication of the degree 
of contact with the environment. Used in combination with minor 
environmental stimuli such as slight noises (we have used clicks), a 
measure so sensitive as this to “shifts in attention” provides a valuable 
indication of how alert the patient is to what is going on around him. 
Both conditioned and nonconditioned stimuli of this type are of value.’ 
The “adaptation,” “extinction” and “perseveration” of responses to 
repetitions of the same stimulus probably provide indications of a 
patient’s capacity to perceive, and, as a result of comprehension, pro- 
gressively to disregard repeated innocuous environmental stimuli.’ 

Application 2—Another important application of the galvanic reac- 
tion depends on its intimate relation to orienting and dynamogenic 
functions. Since those stimuli which are of real concern to the patient 
arouse his “interest’” and “mobilize his energies,” the measure provides 
a valuable differential indicator of his relative interest in or indifference 
to varying stimuli; some workers have suggested that the differential 
response to various ideas might be used as an approach to the measure- 
ment of varied “instinctive energies.” It appears that the relative 
magnitudes of the galvanic deflections following “crucial” and “indif- 
ferent” questions provide valuable indications of possible excessive, 
blunted or distorted affective reactions in psychopathologic conditions, 
When used in conjunction with a record of blood pressure it offers a 
means for appraising the relative strength of the sympathetic and para- 
sympathetic excitation caused by the various stimulli. 

Application 3.—The question also arises whether the nature of the 
palmar secretory reactions may not tell something concerning the neural 
mechanisms which may be operating in a given psychosis. One may 
ask, for example, whether there may not be functional changes in the 
intact brain analogous in their results to injuries of the brain and 
productive of similar effects on the palmar reactions. For example, a 
functional premotor deficit, if it occurs, should presumably give rise 
not only to increased palmar sweating and various concomitant para- 
sympathetic symptoms but also in some degree to such premotor symp- 
toms as loss of initiative, decreased motor activity, incoordination of 
finer skilled movements and, in extreme conditions, a disposition toward 
“forced grasping.” Such a condition is possibly evident to various 
degrees in certain anxiety neuroses, in conditions of “panic” such as 
those described by Rabiner ** and in certain depressed catatonic-like 
conditions which I have studied in association with Dr. A. P. Solomon. 

The mechanism by which such a localized functional cortical defect 
might occur is also significant. It seems that the psychologic basis of 
such symptoms of anxiety and depression must lie in the patient’s tendency 
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to dwell protractedly on certain disturbing ideas. Such ideational 
activity must depend, to no small extent, on the functioning of the phylo- 
genetically recently developed portions of the brain, i. e., the so-called 
silent or projection areas of the cortex, the areas with respect to which the 
nervous system of rationally, neurotically and psychotically disposed man 
differs most markedly from that of the lower forms. Both the experi- 
mental and the clinical evidence suggest that these areas provide a govern- 
ing, regulating and inhibitory control over the phylogenetically older 
coordinating motor centers of the brain, such as the premotor cortex. 
Such a restraint is suggested in the work of Fulton, Jacobsen 
and Kennard *° and others by the excess of motor activity which follows 
bilateral extirpation of the frontal cortex, an excess which fails to 
appear when the frontal and premotor areas are both removed. A 
similar apparent loss of restraint appears in the euphoria and deficit 
of critical inhibitory control observed frequently in patients with 
destruction of the frontal lobe—symptoms strikingly the opposite of the 
excess of inhibition suggested in the psychomotor retardation charac- 


teristic of depression, which we have considered. A suggestion of a 
restraining influence of the frontal so-called association areas over 
the hypothalamus is presented in the study by Kabat, Magoun and 
Ranson in which stimulation of points extending from the fron- 
tal pole of the cortex to the anterior borders of the hypothala- 
mus typically occasions a fall in blood pressure. Here the hypothesis 
is offered that in ideationally induced “tension” a persisting exces- 
sive activity of the more recently imposed governing (and inhibiting ?) 
silent areas of the cortex may result to varying degrees in an inhibition 
of motor initiating and motor coordinating mechanisms (especially of 
the premotor cortex) and, in severe cases, in palmar secretory and 
motor symptoms analogous to those following extirpation ** of the 
premotor cortex. 


83. The mechanisms described here are in many respects the antithesis of those 
considered in preceding papers (Darrow.2 Darrow, C. W.: Emotion as Relative 
Functional Decortication: The Role of Conflict, Psychol. Rev. 42:566-578, 1935), 
in which it was shown how conditions of intracortical conflict, presumably involv- 
ing the phylogenetically most recent parts of the brain, might result in decreased 
(energy for?) inhibitory control of older coordinating mechanisms and consequent 
release of motor and sympathetic activity (“excited emotion”). Release of the 
premotor cortex, hypothalamus and coordinating motor mechanisms from restraint 
may give rise not only to motor manifestations such as those suggested by the 
work of Jacobsen and others but also to release of sympathetic functions charac- 
teristic of excited emotion. The euphoria and the deficit in inhibition often 
observed in patients with lesions of the frontal lobes are in striking contrast to the 
psychomotor retardation observed in patients suffering from anxious depressed 
conditions. 
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SUMMARY 

Consideration of the evidence regarding the neural mechanism cop. 
trolling the palmar galvanic skin reflex and sweating gives emphasis 
to the following: 

1. The secretory response of the fore limbs may be elicited by 
stimulation in the premotor cortex. 

2. Excessive chronic palmar sweating may follow extirpation of the 
premotor cortex and be found in association with “forced grasping,” 
spasticity and other symptoms of premotor deficit. 

3. An opposite order of secretory changes following cortical lesions 
as compared with the order of such changes after lesions of the cervical 
cord makes it probable that cortical effects are mediated by intermediate 
centers. Such a center may account for observed relations between 
palmar sweating and postural changes. 

4. Response to stimulation of the premotor cortex following pre- 
sumed surgical elimination of the hypothalamus makes it likely that 
cortically initiated responses may occur independently of the hypothala- 
mus. Indications that a center mediating cortically initiated responses 
may exist in the tegmental or pontile region are enumerated. 

5. The anterior portion of the hypothalamus and the prechiasmic 
region is a possible locus of activity which when directly or indirectly 
released from cortical control by extirpation of the premotor cortex 
results in excessive sweating and associated parasympathetic changes. 

6. Hypothalamically induced secretion of posterior or intermediate 
pituitary hormone into the cerebral ventricles may contribute under 
certain conditions to palmar secretory changes. 

7. The region of the dorsal vagus nucleus anterior to the calamus 
scriptorius is a probable medullary center of sweat secretion. 

8. The preponderance of evidence favors the view that the palmar 
sweat glands are innervated exclusively through the sympathetic chain. 
This probably is not true of sweating of the face. The evidence for 
opposing sympathetic and parasympathetic innervations and for periph- 
eral “inhibitory” fibers to the sweat glands is questioned, Sympathetic 
activity leading to vasoconstriction and to adrenal secretion may have 
an apparently inhibitory effect. Evidence of a spinal parasympathetic 
innervation by way of the posterior roots must also be considered. 

9. Notwithstanding anatomic connections through the sympathetic 
chain, the behavior of the palmar sweat glands is in many respects that 
of a functionally parasympathetic mechanism. The hypothesis is offered 
that neural impulses to the sweat glands may be of three general classes: 
those which pass through or around the sympathetic chain to the sweat 
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glands and may be associated with parasympathetic effects on other 
bodily mechanisms, those which are relayed to the sweat glands fol- 
lowing excitation of the sympathetic chain and are associated with 
sympathetic effects on other structures, and those which represent a 
mixture of the two types of impulses and are associated with variable 
effects on other autonomic mechanisms. The unique significance of 
palmar sweat secretion as an indicator of general bodily function may 
perhaps lie in the fact that parasympathetic and sympathetic influences 
on the sweat glands do not cancel but in some fashion reenforce or 
supplement one another. 

10. The relation of frontal to premotor functions of the cortex 
suggests a possible mechanism to account for functionally determined 
palmar secretory and other symptoms observed in certain conditions 
of anxiety and depression. 


News and Comment 


AMERICAN BOARD OF PSYCHIATRY AND 
NEUROLOGY, INC. 


The annual meeting of the American Board of Psychiatry and Neurology, Inc, 
was held in New York on Dec. 29, 1936. The representation of the American 
Psychiatric Association, the American Neurological Association and the Section 
on Nervous and Mental Diseases of the American Medical Association js 
unchanged, and the officers of the board were reelected. The secretary is Dr, 
Walter Freeman, 1028 Connecticut Avenue, Washington, D. C. 

The following candidates were granted certificates by the board: 

Crass 1. Certified Without Examination—In Neurology and Psychiatry: 
Erna D. Ball, New York; Thomas Kirby Davis, New York; Harry Hedgewick 
Drysdale, Cleveland; B. Landis Elliott, Kansas City, Mo.; Miner H. A. Evans, 
Boston; Laurent Feinier, New York; Nathan H. Garrick, Boston; Robert Finley 
Gayle Jr., Richmond, Va.; Edward Thomas Gibson, Kansas City, Mo.; S. Philip 
Goodhart, New York; Daniel Patrick Griffin, Bridgeport, Conn.; E. L. Horger, 
Columbia, S. C.; James Howard Huddleson, New York; Samuel D. Ingham, Los 
Angeles; Michael M. Jordan, Worcester, Mass.; William Leavitt, Brooklyn; Ches- 
ter Adam Marsh, Selinsgrove, Pa.; Frederick Leonard McDaniel, Washington, 
D. C.; Charles A. McKendree, New York; Frederick P. Moersch, Rochester, 
Minn.; Abraham Myerson, Boston; David Nathan, Philadelphia; Howard Wieland 
Potter, New York; Frank Harrell Redwood, Norfolk, Va.; Dan Smith Renner, 
Skillman, N. J.; James M. Stanton, Detroit; Beverley Randolph Tucker, Rich- 
mond, Va.; Louis Wender, New York; Nathaniel S. Yawger, Philadelphia. 

In Psychiatry: George T. Baskett, Retreat, Pa.; Orland Rossini Blair, Clarks 
Summit, Pa.; Karl M. Bowman, New York; L. Vernon Briggs, Boston; Nathaniel 
Hawley Brush, Santa Barbara, Calif.; William A. Bryan, Worcester, Mass.; Neil 
Avon Dayton, Boston; Charles Marc Gilmore, New York; Bernard Glueck, New 
York; Donald Gregg, Wellesley, Mass.; Rollin Van Nostrand Hadley, Westboro, 
Mass.; James Houloose, Long Beach, Calif.; C. P. Kjaerbye, Fresno, Calif.; 
Lawrence Kolb, Lexington, Ky.; William T. Kradwell, Wauwatosa, Wis.; Walter 
Emery Lang, Westboro, Mass.; Frederick P. Moore, East Gardner, Mass; James 
M. O’Neill, Harrison, N. Y.; Albertine Louise Rea, Chicago; William Logie 
Russell, White Plains, N. Y.; William Charles Sandy, Harrisburg, Pa.; Marianna 
Taylor, Boston; William Barclay Terhune, New Canaan, Conn.; Douglas Armour 
Thom, Boston; Ralph Purnell Truitt, Baltimore; Ira S. Wile, New York; Frank 
Fay Williams Jr., Patton, Calif.; John Ignatius Wiseman, Torrance, Pa.; 
Katherine Slattery Wiseman, Torrance, Pa.; Fritz Wittels, New York. 

In Neurology: Alfred W. Adson, Rochester, Minn.; Winchell McKendree 
Craig, Rochester, Minn.; George B. Fletcher, Hot Springs National Park, Ark. 


Crass 2. Certified After Examination—In Neurology and Psychiatry: Leo 
Alexander, Boston; Bernard J. Alpers, Philadelphia; Charles Dair Aring, Cin- 
cinnati; Henry Merton Baker, Boston; Thomas Edwin Bamford Jr., New York; 
Wilfred Bloomberg, Boston; Raymond S. Crispell, Durham, N. C.; Peter G. 
Denker, New York; Isadore Green, Boston; Josef Alfred Kindwall, White Plains, 
N. Y.; Julius Loman, Boston; Bernhard Albert Rogowski, New Haven, Conn. ; 
Hyman Solomon Rubinstein, Baltimore. 
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In Psychiatry: Elsworth Fredrick Baker, Marlboro, N. J.; Maudie Marie 
Burns, Middletown, Conn.; M. Madison Campbell, New York; Henry Octave 
Colomb, Middletown, Conn.; George Eaton Daniels, New York; Archibald Martin 
Gaulocher, Wingdale, N. Y.; Diomede Guertin, Marlboro, N. J.; Roy Dennis 
Halloran, Waltham, Mass.; Max Helfand, New York, N. Y. (previously certified 
in neurology) ; Hugh Edward Kiene, Providence, R. I.; George McClelland Lott, 
Providence, R. I.; Harry Merrill Murdock, Towson, Md.; Clifton T. Perkins, 
Boston; Isidore Schnap, Kings Park, N. Y.; Lawrence Edward Schneider, War- 
ren, Pa.; Calvert Stein, Palmer, Mass.; Bettina Warburg, New York; Lewis 
Robert Wolberg, Kings Park, N. Y.; Theodore P. Wolfe, New York. 

In Neurology: Rafael Hernandez, Nashville, Tenn.; Antoine Schneider, Wash- 
ington, D. C. 


POSTGRADUATE INSTRUCTION IN PSYCHIATRY 
IN GENERAL PRACTICE 


The third annual postgraduate course on Neuropsychiatry in General Practice, 
will be conducted at the Menninger Clinic, Topeka, Kan., from April 19 to 24, 
inclusive. The course will include a brief introduction to the fields of neurology and 
psychiatry and a specific application of this knowledge to the large group of cases 
of psychoneuroses, psychoses and psychogenic and neurologic disorders which are 
encountered in general practice. The program is planned to make it applicable to 
the most common practical problems of the physician. Several physicians prominent 
in the fields of neurology and psychiatry will speak at the evening sessions of the 
course. 


Nomenclature 


EPIDEMIC ENCEPHALITIS 


To avoid confusion in the classification of acute encephalitis result- 
ing from the application of the term epidemic encephalitis to several 
different forms of the disease, the publications of the American Medical 
Asssociation Press, when a distinction is possible, will use the term 
lethargic encephalitis for the disease described by von Economo and 
encephalitis B for the type that occurred in the epidemics in St. Louis, 
Toledo and Japan. 


Obituary 


CHARLES METCALFE BYRNES, M.D. 
1881-1936 


When Sidney Smith preached for the last time in Saint Paul’s 
Cathedral, shortly before he died, he finished with the words: “I never 
take leave of any one, for any length of time, without a deep impression 
upon my mind of the uncertainty of human life, and the probability 
that we may meet no more in this world.” Dr. Charles M. Byrnes 
sat with me two days before he died and expressed the same thought. 
He went briefly over his life—how he had been born in Missouri and 
had been sent away to school. He was graduated from the University 
of North Carolina, with the degree of Bachelor of Science, in 1902, 
His father died and left him just enough money to take the course 
at the Johns Hopkins University School of Medicine, from which he 
received his degree in 1906. He did not seem to have many pleasant 
memories of his young days. 

After graduating he taught a medical subject at the University of 
Virginia and then went to Philadelphia to study in his spare time with 
Dr. Spiller. He was always interested in neurology, and this interest 
seemed to consume him. He fought for what he believed in that subject 
with a zest and almost a stubbornness that came from a tremendous 
eagerness to know all about it. 

I saw much of him when he came to work in Dr. Spiller’s labora- 
tory and remember that at times the subject of muscle spindles as he 
had worked them out in relation to paralysis agitans was the only 
thing he could talk about contentedly. When he went to Baltimore to 
work with Dr. Henry M. Thomas, he acquired a happy faculty of 
always hitting the foramen in making an injection into the ganglion 
of the fifth nerve. 

When we were together that day soon before he died, he spoke of 
his failure in making a home for himself, of the loss of his money, 
of how easy it was to make mistakes and of how tired he was but said 
that he was half through writing a book on all the treatments that had 
ever been found useful for nervous diseases. When that was done, he 
proposed to take a rest. He spoke of having anginal pains but said that 
probably he would survive to finish his book; he loved doing it so, and 
then, too, times were better and he could live easier. 

We did not realize, as did Sidney Smith, the uncertainty of human 
life and the probability that we would meet no more in this world. 
Charles Byrnes died on Nov. 30, 1936, at 56 vears of age. 


Seymour Luptum, M.D. 


Abstracts from Current Literature 


Anatomy and Embryology 


Tue CAupDAL LEVEL OF TERMINATION OF THE SPINAL CorD IN AMERICAN WHITES 
AND AMERICAN NEGROES. JosEPH H. NEeEpLEs, Anat. Rec. 63:417 (Nov. 25) 
1935. 

The level of termination of the spinal cord was observed in 240 adult cadavers, 
107 of which were of white persons and 133 of Negroes. The termination was 
determined by inspection of the lower portion of the spinal cord and was verified 
by microscopic study in 6 cases, chosen at random. 

In 55 per cent of the cases the spinal cord terminated below the middle of 
the intervertebral disk between the first and the second lumbar vertebra, and 
in 45 per cent, above this level. In 49 per cent the spinal cord terminated between 
the levels of the lower third of the first lumbar vertebra and the upper third of 
the second lumbar vertebra. The highest level of termination was the middle 
third of the twelfth thoracic vertebra. The lowest level was the lower third 
of the third lumbar vertebra. In Negroes the spinal cord terminated at a lower 
level in the vertebral canal than in whites. In females the spinal cord terminated 


at a lower level than in males. Coss, Boston. 


StuDIES ON CEREBELLAR FUNCTION IN THE TELEOST: III. THE MECHANISMS OF 
THE EFFERENT SIDE OF THE CEREBELLUM; MARCHI METHOD. HIDEOMI TUGE, 
J. Comp. Neurol. 61:347 (April) 1935. 


The efferent connections of the cerebellum with the mesencephalon, as seen in 
Marchi preparations, are simply organized. The tractus cerebellotectalis has been 
discussed in a previous report. The other pathway is the tractus cerebello- 
tegmentalis mesencephalicus. By this tract the cerebellum is connected with the 
nucleus of the fasciculus longitudinalis medialis, the oculomotor nucleus and the 
nucleus reticularis mesencephalicus of Kappers. The efferent connections with the 
medulla consist of the tractus cerebellotegmentalis bulbaris anterior and posterior 
and the tractus cerebello-acousticolateralis. No cerebellofugal fiber connections 
were seen farther rostrad than the midbrain, and none reach the spinal cord. 
Viewed functionally, almost all the cerebellofugal fibers in the fish brain participate 
in the function of the nucleus motorius tegmenti as a whole and have an intimate 


relation to the somatic motor mechanism. Appison, Philadelphia 


EPIBRANCHIAL AND LATERAL LINE PLACODES OF THE CRANIAL GANGLIA IN THE 
Gecko, GYMNODACTYLUS KortscHyl. LLEWELLYN THoMmAS Evans, J. Comp. 


Neurol. 61:371 (April) 1935. 


Forty-six embryos of the gecko were available for microscopic study of the 
development of the epibranchial and lateral line placodes of the cranial ganglia. 
The ophthalmic placode of the fifth nerve was first to appear, and then the 
maxillomandibular placode of the fifth nerve and the epibranchial placode of the 
seventh. The epibranchial placode of the ninth nerve and the first epibranchial 
Placode of the tenth nerve appeared at about the same time. The second and 
third epibranchial placodes of the tenth nerve were seen slightly later. Seven 
embryos between the stages 14 and 20 showed the presence of a lateral line 
placode of the seventh nerve in varying degrees of separation from the epibranchial 
placode of the same nerve. Evans believes this lateral line placode to be directly 
homologous with that in fishes. He states that the evidence derived from this 
study of a primitive reptile points strongly to the significance of the epibranchial 


placodes from a phylogenetic standpoint. Appison, Philadelphia 
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THALAMUS OF TURTLES AND THALAMIC Evotution. James W. Papzez, J, Comp 
Neurol. 61:433 (June) 1935. ; 


This article is a study of the nuclear masses and fiber connections in the 
thalamus of turtles, with special reference to Chelone midas. Transverse serial 
sections stained with the Nissl and silver impregnation methods and for myelin 
were used. The thalamus of turtles may be divided into the epithalamus, dorsal 
thalamus, ventral thalamus and hypothalamus. The tectothalamic tract is the main 
ascending fiber system from the tectum and pretectal centers to the nucleys 
rotundus and its surrounding cell groups. The tractus tectoreuniens and probably 
a bulbothalamic tract ascend through the ventral thalamus to the nucleus reuniens 
and the rudiment of the ventral nucleus. The evolution of the dorsal thalamus 
in reptiles is viewed as a step in the development of tectal visual sensory 
dominance over the ancient striatal structures, superseding olfactory control over 


these motor centers of the forebrain. Fraser, Philadelphia 


Tue Bioop SUPPLY OF THE LATERAL GENICULATE Bopy IN THE Rat. YU-Cuijan 
TsancG, J. Comp. Neurol. 61:553 (June) 1935. 


This report supplements Abbie’s study on the blood supply of the lateral 
geniculate body of vertebrates. From serial sections tracings of the arteries 
were made at the level of the lateral geniculate body. The anterior choroid 
artery and the posterior cerebral artery supply the lateral geniculate body. The 
anterior choroid artery forms a network on the lateral surface of the ventral 
nucleus of the lateral geniculate body and supplies most of this nucleus and a 
small portion of the dorsal nucleus. It is decidedly variable, even on the two 
sides of the same brain. The posterior cerebral artery is more constant and 
supplies most of the dorsal nucleus and part of the ventral nucleus. This artery 
is more important to vision than the anterior choroid artery. The capillary supply 
to the medial area of the dorsal nucleus is richer than that to other areas. This 
is the binocular projection field. A transverse fiber bundle of unknown destina- 
tion was observed in the medio-inferior part of the dorsal nucleus. 


Apptson, Philadelphia. 


Tue HippocAMPAL AND PARAHIPPOCAMPAL CorRTEX OF THE Emu (DRomICcetus). 
E. Horne Craicie, J. Comp. Neurol. 61:563 (June) 1935. 


The emu is considered by some investigators as the most primitive of living 
birds. A study of the cortex of this species seemed desirable in order to learn 
whether it shows an intermediate relationship between the cortex of other birds 
and that of reptiles. 

The entire pallial region in the emu is well developed, and the medial wall is 
relatively thick as compared with that of most birds. A definite anterior limit 
of the hippocampal formation was not recognized. A large hyperstriatum acces- 
sorium forms the cephalic end of the hemisphere. In the medial wall is a hippo- 
campal formation, in which may be distinguished four subdivisions, two of which 
represent the fascia dentata and the entorhinal area. Between the hippocampal 
formation and the hyperstriatum accessorium is situated a broad zone of the 
parahippocampal cortex. It likewise shows four subdivisions, the most dorsal 
of which is multilaminar and corresponds to the multilaminar cortex of the kiwi. 
The various cell layers are enclosed between deep and superficial plates of 
myelinated fibers. There are also diffuse tangential myelinated fibers in the zonal 
layer of the parahippocampal region. The cortex of the emu is like that of the 
alligator. Craigie concludes that the pallium of the emu appears to be inter- 
mediate in structure between the pallium of reptiles and that of the higher birds. 


Fraser, Philadelphia. 
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EFFERENT NERVE FIBERS IN THE LUMBAR DorsAL Roots oF THE Doc. ALFRED 
MoyLe OKELBERRY, J. Comp. Neurol. 62:1 (Aug.) 1935. 


In thirty dogs from two to five dorsal lumbar roots on one side were cut 
between the cord and the ganglion. About three weeks were allowed for degen- 
eration. Both the proximal and the distal stump on both the side of operation 
and the intact side were removed after death and treated by the Marchi technic 
or with osmic acid. The corresponding normal dorsal roots were used as a 
control for the staining method. The possibility of regeneration was ruled out 
by the insufficient time necessary for this process. In two dogs the fibers were 
cut intradurally to rule out efferent fibers entering the dorsal root from another 
level. By following serial sections of the nerve from the incision to the attach- 
ment of the cord, the presence of normal fibers with an abnormal course was 
eliminated. Efferent fibers were not observed in every root; this fact was 
explained as due either to incomplete staining or to the absence of such fibers. 
The author offers no explanation as to the presence of efferent nerves in the 


dorsal root of dogs. Appison, Philadelphia. 


Tue Earty DEVELOPMENT OF THE HUMAN DIENCEPHALON. MARGARET SHEA 
Grtpert, J. Comp. Neurol. 62:81 (Aug.) 1935. 


This study presents the early development and differentiation of the human 
diencephalon. Embryos from 3 to 100 mm. in length were available. Descriptions 
are given of the diencephalon in embryos of 6, 9.5, 12, 18, 32, 39, 54, 60, 78.5 and 
100 mm. The observation that the human diencephalon shows the zones and 
sulci of Herrick during its early development is confirmed. The dorsal thalamus 
begins its development late and progresses slowly in comparison with the develop- 
ment of the ventral thalamus and hypothalamus. From the dorsal thalamus develop 
the anterior, medial, ventral and lateral thalamic nuclei, the medial geniculate 
body, the pars dorsalis of the lateral or external geniculate body, the pretectal 
region and the nucleus parafascicularis. From the ventral thalamus develop the 
pars ventralis of the lateral geniculate body, the zona incerta and the reticular 
nucleus. In the hypothalamus there develop the preoptic region, the hypothalamic 
nuclei, the premamillary and mamillary nuclei and the corpus subthalamicum 
(Luys). The fiber connections of these nuclei are described as far as it has been 
possible to identify them in embryologic preparations. 

Apptson, Philadelphia. 


THE Brain CASE AND ENDOCRANIAL CAST oF Eryops MEGACEPHALUS (COPE). 
W. T. Dempster, J. Comp. Neurol. 62:171 (Aug.) 1935. 


In view of the probable phylogenetic position of the Stegocephalia as ancestors 
both of reptiles and of amphibians, the general osteologic structure of these animals 
has been fairly well studied. Eryops megacephalus, the best known American 
form of Stegocephalia, possesses, unlike other forms, a complete bony envelop 
for the endocranial cavity. Indirect endocranial casts were made from the brain 
case in several instances. In the linear arrangements of its subdivisions and the 
lightly sigmoid curvature in the sagittal plane the brain is typically that of a cold- 
blooded tetrapod. The shape and size of the parts and the cranial nerves, although 
not identical with those of modern forms, are strictly compatible with the known 
characters of the simpler tetrapods. The pyriform, narrow cerebrum, grading 
anteriorly into the olfactory nerves, is likewise reptilian, as are the angular contour 
of the semicircular canals and the angle of divergence of the anterior and posterior 
canals. In common with Amphibia, Eryops presents a small carotid foramen, a 
slightly developed cerebellum, a small pars inferior of the internal ear and the 
absence of a separate foramen for the hypoglossal nerve. This absence is dis- 
tinctly amphibian. Thus, it may be seen that the endocranial anatomic structure 
of Eryops shows one incontestable amphibian characteristic, several which may be 
either amphibian or reptilian, others which are distinctly reptilian and still others 


which are unlike those in modern forms. Apptson, Philadelphia. 
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Tue CeNTRAL Nervous SysteM oF Oniscus (IsopopA). ROLAND Watxep 
J. Comp. Neurol. 62:197 (Aug.) 1935. 


The isopod Oniscus asellus has a nervous system which may be considered 
as a relatively unspecialized type of that characteristic of malacostracan crustaceans, 
The sensory organs of the head of the sow-bug are poorly developed, and con- 
sequently the brain has few highly developed parts. Histologic preparations were 
made with toluidine blue, methylene blue and a modified Bielschowsky technic. 

The brain consists of a vertical mass lying directly above the esophagus and 
anterior to the foregut, bearing dorsolaterally and ventrolaterally two large pairs 
of lobes. The central nervous system is enclosed by a capsular membrane, which 
lends smoothness to its contours and elasticity and support to the nervous centers, 
This membrane is not adherent except to the peripheral nerves. The ventral cord 
is composed of seventeen neuromeres or ganglia, of which the ganglia of the 
mouth parts are partially fused and the six abdominal ganglia are fused to the 
eighth thoracic ganglion. In the cord there are local sensory fibers and others 


which form longitudinal tracts. Fraser, Philadelphia 


A COMPARATIVE VOLUMETRIC STUDY OF THE GRAY AND WHITE SUBSTANCE OF 
THE SPINAL Corp. ArtHuR M. Lassex, J. Comp. Neurol. 62:361 (Oct.) 
1935. 

In this study of the volumetric measurement of the gray and white substance 
of the spinal cord, various representatives of the vertebrate groups were used: 
monkey, cat, horse, rabbit, opossum, pigeon, alligator and Necturus. For the 
most part all the animals were adults, and the spinal cords were treated identically, 
A nerve segment was considered to extend from the highest rootlets of one nerve 
to the highest rootlets of the nerve below. The spinal cord segments were cut 
so that three measurements were taken of each segment. Shrinkage was 40 per 
cent by volume. The ratio of the gray to the white matter seemed to be related 
to the functional conditions. The lumbar region of the alligator showed an 
increase in gray substance, as did the cervical enlargement in the pigeon and the 
lumbar region in the rabbit. The horse was the only mammal studied which 
showed a smaller volume in the lumbar region than in the cervical. In the cat 
the quantity of gray substance was nearly the same in the two enlargements, 
Lassek concludes that the greater the mass of the animal the smaller relatively is 


the mass of gray matter in the spinal cord. Fraser, Philadelphia 


Tue RETROGRADE CELL DEGENERATION IN THE THALAMUS OF Macacus RHESUS 
FoLLow1nc HemipecorticaTion. A. Eart WALKER, J. Comp. Neurol. 62:407 
(Oct.) 1935. 


The purpose in this study was to determine how many thalamic cells in the 
brain of Macacus rhesus have cortical connections. This was done by studying 
the thalamic connections in the decorticated hemispheres of two monkeys. Decor- 
tication was performed by Dr. John Fulton, of the Yale University School of 
Medicine, and the animals were allowed to live for about a month. Examination 
of serial sections of the right hemisphere of the first monkey showed that the 
entire occipital and parietal cortex, almost all the temporal and most of the frontal 
had been removed. The nuclei of the midline of the thalamus were normal in 
appearance. The nucleus medialis dorsalis pars parvicellularis was degenerated 
throughout its entire extent. The posterior half of the ventral nucleus was com- 
pletely degenerated. The lateral nucleus showed varying degrees of retrograde 
cell degeneration. The anterior nuclei likewise were severely damaged. The 
pulvinar was completely degenerated. In monkey 2 hemidecortication was com- 
plete, except in a small part of the hippocampus and some portions of cortex about 
the superior limb of the sylvian sulci. The distribution of the retrograde cell 
degeneration was similar to that in the first animal. The absence of degeneration 
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in the groups of nuclei in the midline was in accordance with the results of 
decortication in Carnivora. The lack of degeneration of the centrum medianum 
is contrary to the observations of most previous investigators. Walker concludes 


that all the connections of the pulvinar are cortical. Fraser, Philadelphia 


THE PROJECTION OF THE LATERAL GENICULATE BoDy ON THE CEREBRAL CORTEX 
oF THE OpossuM, DIDELPHIS VIRGINIANA. Davin Boptan, J. Comp. Neurol. 


62:469 (Oct.) 1935. 


The purpose in this investigation was to determine whether there exists in 
the opossum an anatomically localized geniculocortical projection, such as has 
been described in higher mammals. Lesions were made in the area striata of 
adult opossums. The brains were later studied with the Nissl or silver stain. 
The lesions were of varying sizes. ‘The degenerated portions of the lateral 
geniculate body were characterized in Nissl material by a decrease in the number 
of nerve cells and an increase in the density of neuroglia cells. Only compara- 
tively large lesions produced areas of complete atrophy, and even then the 
peripheral parts of the atrophied zones were not completely degenerated. The 
pattern of degeneration in the dorsal nucleus of the lateral geniculate body differs 
decidedly from that described in the rat and rabbit. Bodian observed no degen- 
erative changes in other subcortical centers after injury to the striate area. 


FRASER, Philadelphia. 


Action PoTENTIALS IN THE NERVOUS SYSTEM OF THE CRAYFISH: III. CENTRAL 
RESPONSES TO PROPRIOCEPTIVE AND TACTILE STIMULATION. C. LApp Prosser, 
J. Comp. Neurol. 62:495 (Oct.) 1935. 


Sensory hairs on the legs of crayfish were stimulated by flexions for the 
proprioceptive response and by movements of the hairs for tactile responses. 
Action potentials were recorded with a cathode ray oscillograph. 

The central response to proprioceptive and tactile stimulation consisted of out- 
bursts of asynchronous impulses. The magnitude of these responses as recorded 
diminished slightly as the leads were moved farther from the receptors. When 
the nerve to a walking leg was stimulated, the response was obtained from the 
anterior legs on the same side and the posterior legs on the opposite side. This 
was confirmed by operating on the opposite side. When one drop of a 0.01 per 
cent solution of nicotine was placed.on an abdominal ganglion, few responses 
even to vigorous stimulation were elicited. It is thus indicated that most neurons 
involved in these responses terminate in each abdominal ganglion but that a few 


may pass through two ganglia. Appison, Philadelphia 


EXTIRPATION OF THE Pars INTERMEDIA OF THE HyYpoPHYSIS IN THE YOUNG 
AMPHIBIAN WITH SUBSEQUENT SILVERY CONDITION AND METAMORPHOSIS. 
WayNE J. ATWELL and Emerson Ho .tey, J. Exper. Zool. 73:23 (April 5) 
1936. 


Among Rana sylvatica tadpoles in which removal of the epithelial portion of 
the hypophysis had been attempted at the tail bud stage, animals occasionally 
appeared which were silvery but underwent metamorphosis. Similar conditions 
were produced intentionally by removal of from one third to two thirds of the 
caudal portion of the epithelial lobe of the hypophysis at the tail bud stage. Study 
of sections showed that in these animals the hypophysis is located farther rostral 
than normal, that it has no intimate relation with the neural lobe and that it 
consists of a normally differentiated anterior lobe and usually also of the pars 
tuberalis. The pars intermedia is lacking. The thyroid gland, the adrenal cortex 
and the gonads do not exhibit the atrophy characteristic of the completely hypo- 
physectomized animal. It is concluded that the silvery condition or pigmentary 
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reversal occurs because of the lack of the pars intermedia of the hypophysis 
and that metamorphosis occurs because the anterior lobe proper, which is present, 
is sufficient to induce adequate stimulation of the thyroid gland. 


WymMav, Boston. 


Tue INFLUENCE OF THE NERVOUS SYSTEM ON REGENERATION IN RHYNCHELMIS 
LiMOsELLA Hor. L. ZHINKIN, J. Exper. Zool. 73:43 (April 5) 1936. 


In the annelid worm Rhynchelmis limosella Hof regeneration of the posterior 
end of the body does not occur after destruction of the nerve cord. Neoblasts 
do not migrate in the direction of the wound as when the nerve cord is intact, 
and this fact probably accounts for the failure of regeneration. The neoblasts 
in their migration may be connected with the nerve cord in some way, as they 
glide along it and assemble at its end. Destruction of the vascular system and 
interruption of the blood supply to the regenerate inhibit but do not entirely stop 
regeneration. Removal of the nerve cord from the segments near a regenerate 
that has just begun to segment causes the regenerate to disappear. Such removal 
of the nerve cord at a late stage, when segmentation of the regenerate has begun 
to show externally, does not cause involution of the regenerate, but its rate of 
growth is decreased, probably because of interruption of the circulation of blood. 
For normal regeneration it is necessary that the nerve cord be present in only 


a few segments immediately adjoining the regenerate. Wyman, Boston, 


Physiology and Biochemistry 


EXPERIMENTAL DIABETES INSIPIDUS IN THE MoNKEY. W. R. INGRAM, C. FISHER 
and S. W. Ranson, Arch. Int. Med. 57:1067 (June) 1936. 


Lesions in the hypothalamus or in the pituitary body alone are not adequate 
to produce diabetes insipidus. This is indicated by the experiments of Ingram, 
Fisher and Ranson in which hypothalamic lesions were made in eight monkeys. 
In two of these animals diabetes insipidus developed, and in six it did not. The 
two monkeys which showed the disturbance in water metabolism had destruction 
of the fibers running from the nucleus supra-opticus to the posterior lobe of the 
pituitary through the infundibular stalk. The other six animals escaped this 
exact lesion, although in some instances considerable destruction of pituitary tissue 
had occurred. These lesions duplicated those of the type which produced dia- 
betes insipidus in cats reported by the same authors (Fisher, C.; Ingram, W. R. 
and Ranson, S. W.: The Relation of the Hypothalamico-Hypophyseal System to 
Diabetes Insipidus, ArcH. Neurot. & Psycurat. 34:124 [July] 1935) and sug- 
gest that interference with the nerve supply of the hypophysis and not injury to 
the gland itself nor trauma to the hypothalamus is the efficient producer of the 
diabetes insipidus syndrome. The pituitary has a dual innervation, one set of 
fibers coming from the tuber cinereum and the other from the nucleus supra- 
opticus. According to these experiments, only destruction of the latter is capable 
of bringing about diabetes insipidus. Davinson, Newark, N. J. 


A Nore ON THE DEFINITION OF THE “Motor” AND “PReMoTOR” AREAS. J. F. 
Futon, Brain $8:311, 1935. 

Walshe has taken issue with the principles laid down by Fulton as a result 
of the latter’s study of lesions of the motor and premotor areas. Walshe 
objected to the arbitrary limitation of the term “motor area” to the area giganto- 
pyramidalis of the precentral convolution. Fulton states that this matter was 
given careful consideration and it was decided to restrict the term “premotor area” 
to the cyto-architectural field designated as “area 6a” by the Vogts and Foerster. 
Area 4 remained for designation, and it seemed appropriate to restrict the term 
“motor area” to the field of the Betz cells, as had originally been done by Camp- 
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bell (1905) and later by von Economo (1929). This left the useful and non- 
committal phrase “the excitable area” as a conprehensive term applicable to both 
regions. The justification for this terminology lies in the fact that cyto- 
architectural definition has been found useful and, indeed, indispensable in con- 
sidering other areas of discrete function in the cortex. If it is not in harmony 
with Hughling Jackson’s terminology, it is scarcely surprising, since studies of 
cyto-architecture had not yet been undertaken in Jackson’s time. 

Walshe further claimed that the sequence of cortical ablation was so rapid in 
some of Fulton’s experiments that the motor status in the affected limbs did not 
reach equilibrium before it was modified by a second lesion. Fulton points out 
that the periods of survival in his ablation studies are the longest on record. 

Walshe’s “motor area” includes Fulton’s “motor” and “premotor” areas, and 
he stated that lesions of his “motor area” give rise to all the symptoms which 
Fulton has relegated to the syndrome of the “premotor area.’ Fulton agrees, 
except that Walshe omitted “forced grasping,” which he vaguely attributed on 
wholly insufficient evidence to some other part of the frontal lobe. Such differ- 
ences as exist between Walshe and Fulton are stated by the latter to be primarily 


those of definition. SALL, Philadelphia. 


OBSERVATIONS ON THE TERMINATIONS OF CUTANEOUS NERVES. H. H. Woo.rarp, 

Brain 58:352, 1935. 

In this investigation additional evidence is presented for the punctate theory of 
sensation. Pain, touch and cold spots were carefully located by frequent retest- 
ing, the skin of the outer side of the thigh being chosen for study. The skin 
involving these carefully recorded areas was then excised in thin slices of about 
0.1 mm. in thickness and studied histologically. The immediate effect of the cut- 
ting causes confusion of the various sensations. The perception of cold was 
immediately lost, but after a period, not exactly determined, the ability to appre- 
ciate the various sensations returned. 

From the order of disappearance of the different sensations in the course of these 
experiments, it is to be inferred that pain is at once the most superficial and the 
most extended through the various cutaneous strata. Superficial touch persists 
after removal of the most superficial part of the epidermis but disappears as the 
cut goes deeper. The sensory endings for cold lie at about the same level. Touch 
is carried deeper into the tissues by means of the hair follicles. No observations 
were made on heat spots. * 

The presentation of a punctate distribution throughout the experiment, the 
subsequent return to the original position and the possibility of abolishing one 
point in a series of similar sensory points add weight to the theory of the punc- 
tate distribution of sensation, and to the notion that each form of sensation has its 
own anatomic form. Satt, Philadelphia. 


THE SHERRINGTON PHENOMENON. EpityH BUrerinc and J. H. Burn, J. Physiol. 
86:61 (Jan. 15) 1936. 


The observation of contractures in denervated muscle after nerve stimulation 
was first made in 1863 by Philippeaux and Vulpian. They found that when the 
hypoglossal nerve was divided and allowed to degenerate, stimulation of the 
lingual nerve, which normally has no motor effect, caused contraction of 
the tongue. In 1894 Sherrington observed a similar phenomenon in the muscles 
of the leg of the cat; he divided the sixth, seventh, eighth and ninth postthoracic 
ventral and dorsal roots central to the ganglia; thereon the motor fibers to the 
muscles of the hindleg degenerated, but the sensory fibers, being still connected 
with their ganglia, remained. After an interval of from two to six weeks, the 
application of strong stimuli to the sciatic nerve caused contracture of the mus- 
cles of the hindleg. Since Sherrington was unable to obtain this contracture after 
cutting the roots distal to the ganglia, so that sensory as well as motor fibers 
degenerated, he concluded that the fibers producing the contracture are sensory. 
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Much work has since been done on this phenomenon. It was discovered that 
the denervated muscle becomes sensitive to various chemical substances which 
produce no contracture when the normal motor innervation is present, the most 
powerful of these being acetylcholine. The suggestion was made by Hinsey and 
Gasser and others that the effect of the stimulation of the sensory nerves might 
be due to the liberation of a chemical substance at the vasodilator terminations which 
would cause contracture in the muscle sensitized by the degeneration of motor 
fibers. There remained, however, some doubt whether antidromic impulses passing 
down sensory fibers were responsible for the phenomenon. After section of the 
roots central to the ganglia there are in the sciatic nerve not only sensory but 
sympathetic fibers in a normal condition. 

Bulbring and Burn published evidence in 1935 that the sympathetic supply of 
the blood vessels in the muscles of the dog contains many cholinergic vasodilator 
fibers; in the cat they could not be certain that such fibers were present, though 
in occasional experiments results were obtained which suggested that they might, 
In the present work they investigated the phenomenon first in the dog and then 
in the cat. They found that after degeneration of the motor nerve supply con- 
tracture of the gastrocnemius muscle of the dog and of the cat can be obtained 
by stimulation of the lumbar portion of the sympathetic chain. Thus, the Sher- 
rington phenomenon is due to stimulation of the sympathetic fibers in the sciatic 
trunk. The contracture which occurs when the chain is stimulated is much more 
readily seen in dogs than in cats; since it has been shown that cholinergic dilator 
fibers are much more numerous in dogs than in cats, this evidence supports the 
view that the contracture is due to the liberation of acetylcholine from the endings 
of the sympathetic vasodilator fibers. 

The denervated muscle of the leg responds to an injection of epinephrine with 
a slow, prolonged contracture, though this is not always seen unless ergotoxine 
is previously injected. Stimulation of the sympathetic chain liberates epinephrine 
as well as acetylcholine. The liberated epinephrine affects the muscle in two ways: 
It reduces the tension caused by acetylcholine, but it also causes a second late 
rise of tension. The reduction of tension is well seen after the injection of 
physostigmine, when the prolonged effect of acetylcholine is broken by a period 
of reduced tension into two phases. The rise of tension caused by the liberated 
epinephrine is readily seen after ergotoxine as a second rise following that due 


to acetylcholine. Arpers, Philadelphia. 


CENTRAL CoorpDINATION. FE. von Horst, Arch. f. d. ges. Physiol. 236:149, 1935. 

The locomotion usually observed in quadruped mammals shows a fixed mutual 
relationship between the phases of movements in the different limbs (so-called 
absolute coordination). There is also a “relative coordination” in lower vertebrates. 
This type is shown by a fish (Labrus festivus); here the rhythms of the dorsal 
and pectoral fins show a different and variable frequency. The rhythm of the 
pectoral fins, however, may constantly influence (increase or diminish) that of 
the dorsal fins. This influence is not due to reflex stimuli but is of central origin. 


Sprecet, Philadelphia. 


EXPERIMENTS ON THE NATURE OF THE VAGOMIMETIC SUBSTANCES IN SWEAT. 
K. von MéEcay, Arch. f. d. ges. Physiol. 236:159, 1935. 


Sweat has a vagomimetic effect, as shown on the blood pressure of cats, the 
heart and the rectus muscle of frogs and the dorsal muscle of leeches. This effect 
is increased by physostigmine, as shown on the muscles of frogs and leeches, and 
is paralyzed by atropine, as demonstrated on the blood pressure of cats. It is 
inferred that the effect is due to acetylcholine. Quantitative studies showed that 
the effect corresponds to that of concentrations of from 0.1 to 0.2 Y of acetylcholine 
per cubic centimeter of sweat. Atypical reactions of sweat on the aforementioned 
tests are explained as due to the presence of potassium. The hypothetic view is 
expressed that the so-called menotoxic effect of sweat may be due to the presence 
of abnormal quantities of acetylcholine and potassium in the sweat of menstruating 


women. SpPreceL, Philadelphia. 
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PsEUDOMOTOR CONTRACTIONS OF PARASYMPATHETIC ORIGIN. KEN Kure, H. 
Ousuzu and S. Oxrinaka, Arch. f. d. ges. Physiol. 286:190, 1935. 


Stimulation of the cervical portion of the sympathetic trunk after degeneration 
of the facial nerve elicits slow contractions of the muscles of the lips (Rogowitz). 
This effect is prevented by injections of atropine; the authors infer, therefore, that 
it is pharmacologically of parasympathetic origin. They also observed that stimula- 
tion of the maxillary nerve may induce slow contraction of the lip muscles after 
removal of the motor and sympathetic innervation. These observations are 
interpreted by the assumption that the trigeminal nerve carries parasympathetic 
fibers that are interrupted in the gasserian and the sphenopalatine ganglia. 


SPIEGEL, Philadelphia. 


Neuropathology 


Late INFANTILE AMAUROTIC IpIOCY WITH MARKED CEREBRAL ATROPHY. R. 
RicuTer and A. H. PArMELEE, Am. J. Dis. Child. 50:111 (July) 1935. 


The pathogenesis of amaurotic idiocy has long been a source of dispute and 
theorizing. The brain of our patient offers evidence pertinent to some points of 
this problem. Most contemporary writers have been in agreement that the disease 
is degenerative rather than developmental so far as the alterations in the ganglion 
cells are concerned, but it has been thought by many that when defects of white 
matter are present these are to be explained as due to arrested development, 
that is, to aplasia in the true sense of the word. Thus, Savini-Castano and Savini 
concluded that in their case they were dealing with a degenerative process in an 
underdeveloped brain. But in our case the extreme disappearance of cerebral white 
matter is in itself indicative of the degenerative character of the changes, for it is 
inconceivable that any great part of the process could be on the basis of aplasia, 
considering that the child was so nearly normal until 14 months of age. Brod- 
mann’s case forms an even stronger argument than ours in this respect. In 
his patient the symptoms did not begin before the age of 4 years; still there 
was cerebral atrophy almost equal to that in the brain of our patient. One of 
the chief objections to regarding the changes in the white matter as degenerative 
is the relative absence of fat granule cells. However, cases have been recorded in 
which such cells presented the outstanding glial change, notably, Globus’ first case. 
If the disease is looked on as a disturbance of the trophic metabolism of the cell, 
as, for example, in Marinesco’s ingenious speculation on the absence of oxidizing 
ferments, rather than on primary damage of the conduction mechanism, this will 
explain the apparently normal period clinically. It is likely that the pathogenic 
factors are active even in the fetal period and thus lead to what might be termed 
acquired aplasia. What proportion of the changes are on this basis and what is 
the result of the degeneration of fully or partially developed structures cannot be 
decided. This must vary greatly from case to case. 

Involvement of the white matter in cases of amaurotic idiocy is a result of 
primary participation of the glia in the endogenous degenerative process. It is 
not possible to separate cases of amaurotic idiocy into well defined and constant 
subgroups. On the other hand, all the cases taken together form a firm nosologic 
unit, clinically and anatomically. Retinitis pigmentosa may be a feature of cases 
of amaurotic idiocy in which otherwise the characteristics of the infantile form 
are exhibited clinically. All the retrogressive pathologic changes are the expres- 
sion of an acquired degenerative process. 


THE AuTHorS’ SuMMARY. [ArcH. PATu.] 


ANOMALIES OF THE CIRCLE OF WILLIS WITH RESULTING ENCEPHALOMALACIA and 
CEREBRAL HeMorRHAGE. O. SApnHir, Am. J. Path. 11:775, 1935. 
Anomalies of the circle of Willis, with resulting interruption of the circulation 
between the internal carotid and the vertebral arteries, may form the anatomic 
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basis of cerebral vascular disturbances. The recognition of such anomalies js 
important, for they aid in the explanation of cerebral hemorrhage and encephalo- 
malacia on morphologically demonstrable grounds in the absence of occluding 
lesions of the supplying arteries. In addition to local causes for encephalomalacia 
and cerebral hemorrhage, one must consider the condition of the myocardium and 
the evidence of myocardial failure in the various organs. Three brains are 
described which revealed anomalies of the circle of Willis involving the posterior 
communicating arteries and, in one case, an abnormal origin of the posterior 
cerebral artery. Two of these brains revealed areas of encephalomalacia and 
cerebral hemorrhage without the presence of occluding lesions in the supplying 
arteries. Whereas the posterior communicating arteries are not essential in the 
maintenance of the circulation of the brain under normal conditions, an unhampered 
collateral anastomosis between the internal carotid and the vertebral arteries js 
important in instances of diffuse arteriosclerosis of the arteries of the base of 
the brain combined with beginning myocardial failure. This conception of the 
origin of these lesions of the brain is based entirely on morphologically demon- 
strable changes and does not require the assumption of theoretical functional 
disturbances of the circulation. Perhaps similar anatomic observations may 
explain anatomic changes elsewhere, which now are attributed to functional 


disturbances. From THE AuTHor’s Summary. [ArcH. Patu.] 


MEGALO-MYELO-ENCEPHALY: Report OF CASE WITH DIFFUSE MEDULLOBLASTOSIS. 
A. Ferraro and S. E. Barrera, Am. J. Psychiat. 92:509 (Nov.) 1935. 


An unusual case of megalencephaly, with few symptoms in life, is reported 
by Ferraro and Barrera. The patient was born late and weighed 16 pounds 
(7,257 Gm.) at birth. During childhood he had visual difficulties, nosebleed and 
repeated temper tantrums. At the age of 9 years his head was 2% inches (6.4 cm.) 
greater in circumference than the normal, and he had nystagmus, strabismus and 
undescended testes. At the age of 12 there were a feminine habitus, enlargement 
of the head, an intelligence quotient of 86, a negative Wassermann test and white 
plaques in the macula. The following year the patient had a sudden attack of 
pneumonia, during which he was drowsy and presented a Babinski sign bilaterally; 
he died after an attack of projectile vomiting. 

Autopsy revealed a fibrous mass in the chest, behind the aorta, which was 
connected with the sympathetic ganglia. The brain weighed more than 2,000 Gm.,, 
and the cerebellum was proportionately even more enlarged. The hypertrophy 
extended throughout the brain stem and the upper part of the spinal cord. A 
persistently thick external granular layer was observed in the cerebellum, and 
there was an abnormally wide molecular layer between this and the internal 
granular stratum. The cerebral cortex was thickened, particularly in the first, 
second and fourth layers. Throughout the cortex were many satellite cells, 
probably oligodendroglia cells. In the white matter were many nerve cells. 
Ferraro and Barrera suggest that these are persistent embryonic structures, and are 
capable of giving rise to tumors of the brain. They conclude that while there 
is an element of neoplastic potentiality in these structures, the basic process is 
essentially one of retained embryonic development. Pp yipson, Newark, N. J. 


INVOLVEMENT OF THE SPINAL MENINGES AND OF BONE IN UNDULANT FEVER 
SIMULATING TupercuLosis. S. U. Martetta, Am. Rev. Tuberc. 32:257, 1935. 


The available literature on Brucella infections involving the meninges and bones 
in man is reviewed. A description is given of a case that was probably one of 
Brucella infection (bovine type) complicated with involvement of both the spinal 
meninges and the lumbosacral joint, with complete recovery after two years and 
three months. A positive diagnosis may be made in such a case, notwithstanding 
that cultures from the usual sources are sterile, by a practical consideration of 
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the history, clinical course and agglutination reactions and the elimination by 
various laboratory procedures, including inoculation of suspected material into 
animals, of the other possible etiologic factors. 

Corper, Denver. [ArcH. Patu.] 


DUPLICATION OF THE SPINAL WITH SPINA BIFIDA AND SYRINGOMYELIA. 
ArtHurR WEIL and Warren B. Mattuews, Arch. Path. 20:882 (Dec.) 1935. 


This report concerns one of the rare instances of duplication of the lower 
segments of the spinal cord. The case may be classified with the relatively few 
instances of duplication of the spinal cord due either to lack of closure of the 
open neural tube and folding of its lateral walls or to lack of fusion of the two 
separated tubes of the solid anlage of the lumbar segments into one central canal. 

The case reported is of interest on account of the manifold evidences of retarda- 
tion of development. There was an unusual preservation of ciliated ependymal cells 
and supportive spongioblasts in a child aged 5 months. The presence of mitotic 
figures in the nuclei of the foci of proliferated glia cells indicates that the embryonic 
tendency to growth had not yet been arrested or led into adult channels. 

The formation of a central cavity of necrosis within the foci of glial prolifera- 
tion in the upper dorsal segments sheds an interesting light on the development 
of syringomyelia. It supports the prevalent theory that syringomyelia arises from 
central necrosis of an intramedullary glioblastoma. The presence of mitotic figures 
and the active proliferation of glia cells, with the formation of primitive spongio- 
blasts, indicate that in this case a real neoblastic formation was present, a glio- 
blastoma, and not merely a reactive gliosis stimulated by the pressure atrophy 
of the spinal cord following marked hydromyelia. 

Another interesting feature in this case is the development of the anterior and 
posterior horns of gray matter and their corresponding nerve roots in the dupli- 
cated segments. Though there were two anterior horns in each half, only the 
more anteriorly situated contained well developed neurons and gave rise to an 
anterior root. From the second, underdeveloped anterior horn of gray matter 
no axons streamed peripherally. In some sections there was the suggestion of 
two posterior horns in each half, but the one situated more posteriorly usually was 
atrophic. In most sections the two horns were combined, and only one posterior 
root arose from it, near the middle of the lateral surface of the cord. These 
observations are of considerable interest to the embryologist. They testify to the 
development of spinal nerve roots and muscle metameres independent of the devel- 
opment of the spinal cord. In this connection may be cited the case reported by 
Sokolansky, who described the absence of the spinal cord in a fetus in the presence 
of well formed posterior spinal nerve roots and ganglia. In the present case, 
furthermore, only one well formed column of Clarke was present in each half 
of the duplicated cord. It was situated on the side of exit of the posterior nerve 
root, i. e., in the anterior half of each duplication. The intersegmental nerve 
connections of each half of the spinal cord were well developed. There were 
an anterior and a posterior commissure containing myelinated fibers, and the inter- 
segmental fiber tracts were well formed. Except for a rather wide zone of 
marginal glia, there was no abnormality in the formation of the posterior, lateral 
and anterior columns, which contained numerous myelinated fibers. 

Many theories have been advanced to explain such a duplication of the spinal 
cord associated with rachischisis. Most former investigators assumed that the 
whole spinal cord arises from an open neural tube and concluded therefore that 
failure of the tube to close resulted in the duplication. More recently Holmdahl, 
Ikeda and others suggested that early in embryonic life the caudal part of the spinal 
cord develops not from an open tube but from a solid bundle of cells, in which 
two or more cavities are formed. Later, the two tubes become confluent, and the 
united cavities form the central canal. Failure of such a fusion results in per- 
sistent duplication of the lower segments of the spinal cord; around each cavity 
nerve tissue forms a spinal cord, which is separated from its duplicate by ingrowing 


connective tissue. WINKELMAN, Philadelphia. 


| 
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PATHOLOGICAL CHANGES IN THE TUBER CINEREUM IN A Group oF Psycuosgs 
LAwreNcE O. Morcan and S. Grecory, J. Nerv. & Ment. Dis, 82:285 
(Sept.) 1935. 


Morgan and Gregory previously reported pathologic changes in three nuclei 
of the tuber cinereum in twenty-seven cases of idiopathic epilepsy. Hégner 
Fulton, Bailey and Stertz reported psychic disturbances among the symptoms 
common in cases of tumor and other lesions of the third ventricle. The brains 
of thirty-two persons with psychoses representing seven types were studied. These 
were compared with six brains of persons who were apparently free from psy- 
chotic taint. The authors observed that the average amount of cell loss in the 
substantia grisea is only approximately 75 per cent as great in the psychoses 
as in epilepsy. The cell loss in the nucleus tuberis lateralis is 45 per cent as great 
in the psychoses as in epilepsy. Cell degeneration in the nucleus tuberomamillaris 
was observed in all thé cases of epilepsy studied but in none of the cases of 
psychoses. The study does not suggest any basis for differentiating different 
clinical types of psychoses. The cell changes incident to the arteriosclerotic period 
were not sufficiently significant to account for the marked pathologic changes 


noted in the series presented. Hart, Greenwich, Conn 
ART, 


THE PARKINSONIAN SYNDROME Due TO CHRONIC Epmp—EMiIc ENCEPHALITIS (VON 
Economo Type). Max A. BAnr, J. Nerv. & Ment. Dis. 82:514 (Nov.) 1935, 


Approximately 70 per cent of the persons who recovered from an acute attack 
of the lethargic encephalitis which raged between 1917 and 1925 showed various 
late manifestations, ranging from mild conduct disorder to permanent disability 
due to paralysis agitans. Bahr reports his observations in the brains of two 
patients with chronic encephalitis. The region most constantly and gravely affected 
in postencephalitic parkinsonism is the substantia nigra. This observation was 
made by Trétiakoff, Goldstein, Spatz, Lucksch and others. Goldstein linked the 
parkinsonian syndrome with the degeneration of the ganglion cells of the sub- 
stantia nigra. These observations were corroborated by Jakob, who expressed 
the belief that this phenomenon accounts for the akinetic-hypertonic syndrome 
complex. The author’s two patients presented the parkinsonian picture, without 
tremor. The globus pallidus showed minor changes, scarcely to be differentiated 
from conditions in the normal brain. Marked diffuse demyelinization was present 


in the cortex of both patients. Hart, Greenwich, Conn. 


Drapetes Insrpripus. J. H. Bracart, Brain 58:86, 1935. 


Since Thomas Willis (1674) differentiated between diabetes mellitus and 
diabetes insipidus, there have been three main epochs in the history of the syndrome 
of diabetes insipidus. The first dates from 1860, when Claude Bernard produced 
a similar syndrome in rabbits by puncture of the floor of the fourth ventricle. 
Other investigators verified this observation, and more recently Dresel and Lewy 
(1924) concluded that the area concerned was in the floor of the fourth ventricle, 
medial to the spinal tract of the trigeminal nerve, ventromedial to the restiform 
body and dorsal to the nucleus of the seventh nerve. The second period in the 
history of the disease may be said to have followed the work of Schafer and 
Magnus (1901 and 1906) and Herring (1908) on the active principle of the 
posterior lobe of the hypophysis and its relation to diuresis. Cushing (1910 and 
1914) produced the syndrome by hypophysectomy, while Farini and van der Velden 
(1913) showed the controlling influences of injections of solution of posterior 
pituitary on polyuria. It became widely accepted that the syndrome was the result 
of hypofunction of the posterior lobe of the hypophysis. The third and present 
theory of the pathogenesis of the syndrome was initiated by Camus and Roussy 
(1913) after the work of Aschner (1917), who showed that hypophysectomy in 
itself does not produce polyuria but that in animals in which the syndrome 
developed microscopic examination always reveals a lesion in the floor of the 
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third ventricle. This view has been verified by others, who succeeded in pro- 
ducing polyuria by injuring the infundibulotuberal region. 

In an attempt to correlate these observations, Biggart analyzed three cases 
presenting the syndrome of diabetes insipidus. The pathogenesis in the cases 
varied from trauma following operation for adenoma of the pituitary gland to 
metastatic malignant disease and encephalitis. All the cases had in common a 
lesion of the hypothalamus, while in the first two instances there was a con- 
comitant lesion of the hypophysis. Polyuria in the first two cases was controlled 
by injections of solution of posterior pituitary, while in the third the condition 
did not respond to this treatment. 

In the light of recent anatomic observations, Biggart noted on histologic 
study that in two cases the supra-opticohypophysial tract was interrupted by the 
lesions, the cells of the nucleus tuberalis and nucleus supra-opticus being largely 
intact. In both instances the pars tuberalis was involved. In the third case 
there was destruction of both the nucleus tuberalis and the nucleus supra-opticus, 
with inflammatory involvement of the pars tuberalis. Since the polyuria was 
controlled by injections of solution of posterior pituitary in two cases and not in 
the third, there seems to be proof for assuring a central action for the antidiuretic 
factor. That it is the tuberal nuclei through which the action takes place is 
rendered probable by the existence of the tractus tuberalis descendens and by con- 
sideration of the experimental work of the French school. 

SAtt, Philadelphia. 


FAMILIAL DEGENERATION OF THE CEREBELLUM IN ASSOCIATION WITH EPILEPSY. 
FREDERICK THorpe, Brain 58:97, 1935. 


Thorpe describes the cases of two brothers with epilepsy and a well marked 
cerebellar symptom complex. One died of phthisis and presented an opportunity 
for study of the central nervous system, which revealed pure cortical cerebellar 
atrophy. As far as Thorpe could determine from a review of the literature, this 
is the first case of familial degeneration in which the atrophy was limited to 
the cortex. 

The important features of the family history were the presence of excessive 
alcoholism on the paternal side and tuberculosis on the maternal. No member 
of a family of twelve children suffered from epilepsy, except the two brothers 
to be described. In the first case epileptic seizures began at the age of 3 years, 
and at 25 psychotic symptoms necessitated certification to a hospital for the treat- 
ment of mental diseases, where the patient remained until death, at the age of 46. 
At 38 years of age he had an attack of typhoid. At the age of 41 he showed 
cerebellar ataxia, involving all limbs. The ataxia gradually increased until the 
patient’s death from pulmonary tuberculosis. The second patient presented the 
first epileptic seizure at the age of 19 years, and at 33 mental symptoms necessitated 
certification to a hospital for the treatment of mental diseases, where he improved 
and was released after a few months. The mental symptoms returned, and he was 
readmitted at the age of 40. At the age of 37 he began to become unsteady on 
his feet, and at 40 he had a markedly ataxic gait. Neurologic examination revealed 
a well marked cerebellar symptom compiex. Additional features of interest in 
this case consisted of static tremors of the head and limbs, hypertonia during 
movement and hypometria of the upper limbs, producing a typical freinage reaction 
(bradyteleokinesis). 

Autopsy in case 1 revealed an advanced stage of chronic ulcerative phthisis 
involving the upper lobe of the left lung. The cerebellum was smaller than 
normal and was markedly atrophied. The weight of the cerebellum and brain 
stem was 130 Gm., instead of the normal 170 Gm. The atrophy was more marked 
on the anterior and superior surfaces, particularly in the superior part of the 
vermis and the semilunar and quadrilateral lobules. Histologic studies of these 
areas showed almost complete destruction of the Purkinje cells, marked narrowing 
of the molecular layer and thinning of the granular layer. The outer third of 
the molecular layer showed status spongiosus, while the granular layer showed 
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marked rarefaction. The inferior surface of the cerebellum showed a less severe 
involvement of the cortex, the main incidence of disease appearing to fall on the 
Purkinje layer, with the molecular and granular layers presenting an almost 
normal appearance. The basket cells were little affected. In sections from the 
upper surface of the cerebellum the axons of the few remaining Purkinje cells 
presented a large fusiform swelling, situated a short distance from the base of the 
cell, and in the outer third of the granular layer were the A.ronschwellungen 
described by Bouman. 

The dorsal region of the spinal cord was abnormally slender and presented a 
peculiar ribbed appearance, due to deepening of the posterolateral grooves. Histo- 
logically, except for deepening of the posterolateral groove on one side, the cord 
was normal. 

This case corresponds to the sporadic cases of primary parenchymatous degen- 
eration of the cerebellar cortex, the number of which at present is limited to 
twelve. These cases were all of nonfamilial type. Review of the literature failed 
to disclose any case of familial type in which the lesion was confined to the 
cerebellar cortex. Holmes (1907) described four cases of cerebellar degeneration 
in one family. Pathologic study of one of them revealed, in addition to a typical 
cortical alteration, sclerosis of the inferior olives: as a result of this observation. 
the case has been classed as an instance of olivocerebellar atrophy. All four 
of Holmes’ case were similar to those described by Thorpe, who believes that 
there is little justification for placing them in a separate group. 

The familial form of degeneration of the cerebellum differs from the sporadic 
only in the tendency to appear at an earlier age. When Holmes’ four cases of 
the familial form are included, the average age of onset is 37 years, whereas 
that of the sporadic form is 62 years. The clinical manifestations are essentially 
similar in the whole group of cases, viz., gradual and insidious onset of muscular 
incoordination, involving the body symmetrically and progressing steadily and 
slowly over a number of years to helplessness and death from intercurrent dis- 
ease. In the majority of cases the lower limbs are affected before the upper, and 
speech becomes monotonous and drawling. Nystagmus is unusual, and hypotonia 
is rarely prominent. 

In these cases there appears to be an inherited endogenous tendency to early 
degeneration or abiotrophy of the cerebellar system of neurons. Cerebellar atrophy 
may be inherited as a mendelian recessive character, in a manner similar to that 
in Friedreich’s disease. The close association between cerebellar atrophy and 
Friedreich’s disease is borne out by the presence of a slender and asymmetrical 
cord in the first patient. Similar developmental defects are not infrequent in 
Friedreich’s disease. 

Epileptic seizures were present in both of Thorpe’s cases. Spielmeyer (1930) 
observed ‘characteristic cell degeneration in the cornu ammonis and cerebellum 
in 80 per cent of the brains of subjects with epilepsy. However, these changes 
consisted of focal areas of atrophy and sclerosis, whereas in the group of primary 
degenerations of the cerebellum, of which the case described is a typical example, 
the cerebellar lesion is widespread, diffuse and symmetrical atrophy. The asso- 
ciation of cerebellar atrophy and epilepsy in these two cases is regarded as 
accidental and merely represents the not uncommon occurrence of a predisposition 


to two independent nervous disorders in one person. Sat, Philadelphia 


Tue EFFECTS OF LESIONS OF THE DorsAL SpINO-CEREBELLAR TRACT AND CORPUS 
RESTIFORME IN THE Macacus Rursus Monkey. A. Ferraro and S. E. 
BARRERA, Brain 58:174, 1935. 


A review of the literature by Ferraro and Barrera discloses that little has been 
done, especially in higher animals such as the monkey, to correlate controlled 
anatomic lesions of the dorsal spinocerebellar tract and restiform body and the 
behavior of the animal. In cases in which the symptoms are carefully described, 
the anatomic lesions are poor. Except for the work of Mott, Ferrier and Bruce 
and Turner, there have been no observations on monkeys. 
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Using the Macacus rhesus monkey, Ferraro and Barrera adopted the plan of 
producing lesions limited as far as possible to each component of the inferior 
cerebellar peduncle, each experiment being carefully controlled by anatomic serial 
sections. They found that section of the dorsal spinocerebellar tract produces 
definite and constant symptoms uncomplicated | by associated damage to the 
pyramidal tract, as disclosed by serial sections of the cord. The symptoms were 
slight ipsilateral weakness, some degree of hypotonia, diminution of reflexes, slight 
dysmetria and, in the acute stage, diminution in the hopping and placing reflexes. 
In the acute stage the animal occasionally fell to the side of the lesion, and the 
ipsilateral limbs were abducted. The disturbances had practically disappeared by 
the end of two or three weeks. The same symptoms were found when the lesion 
involved the restiform body, provided that there were no vestibular complications. 
When the lesion extended deep enough to involve the vestibular apparatus, rolling 
movements, as described by previous investigators, were obtained. The severity 
of the disturbances following lesions of the restiform body seemed to increase the 
higher the level at which the lesions were made. This is explained by involve- 
ment of new contingents of fibers from various structures which join the restiform 
body at higher levels to enter the cerebellum. Thus, contingents are obtained 
from the external cuneate nucleus, the opposite inferior olive and the nucleus 
lateralis medullae. While the severity of the symptoms increases as the lesions 
of the restiform body are more cephalad, no new symptoms appear. 


SALL, Philadelphia. 


ANATOMIC AND CLINICAL Stupy OF A CASE OF HEMICRANIOSIS. B. BROUWER, 
M. BretscHowsky and E. Hammer, Ann. d’anat. path. 13:1, 1936. 


The case reported differs from the original description of Brissaud and 
Lereboullet in 1903 in the absence of multiple meningiomas. The condition 
resembled the type pure of Léri and was characterized by massive hyperostosis, 
mainly of the left side of the skull, and by atrophy of the left cerebral hemisphere. 
The latter was covered by a markedly thickened pia-arachnoid in which isolated 
small, tumor-like nodules were embedded. They resembled small xanthomas; 
chemical analysis revealed the presence of cholesterol esters within the large vacuo- 
lated cells. Arteriosclerotic changes were present in the brain of the patient 
aged 73 years. The question is discussed whether the atrophy of the left cerebral 
hemisphere was the natural result of narrowing of the cranial cavity following 
the slow growth of the osteomas or whether both indicated a common faulty 


congenital anlage of both the skull and the cerebrum. Wet, Chicago 
“9 . 


CASE OF SUBACUTE DISSEMINATED SCLEROSIS OF CEREBELLAR Form. G. MARINESCO 
and M. Nicoresco, Ann. de méd. 39:75, 1936. 


This case presented the picture of rapidly progressing disseminated sclerosis 
in a woman aged 45. The onset was with fever, headache and vomiting, followed 
by paresthesias in the extremities, dysarthria, ataxia and intention tremor. Gradu- 
ally, muscular atrophy developed, with the disappearance of tendon reflexes. The 
spinal fluid contained globulin, and the colloidal gold curve was of the type char- 
acteristic of dementia paralytica. At autopsy, in addition to areas of demyeliniza- 
tion with glial hypertrophy in the lateral columns of the spinal cord and in both 
cerebellar hemispheres, there was a widespread and intense perivascular cuffing 
with lymphocytes and plasma cells. Foci of proliferated glia cells were present, 
resembling those described in typhus. This inflammatory reaction was observed 
in both the gray and the white matter of the cerebellum, pons, medulla oblongata 
and spinal cord, while the mesencephalon and the rest of the brain were intact. 
There was marked loss of Purkinje cells and anterior horn cells of the spinal 
cord. Marinesco and Nicolesco advance the theory that in this case a “neurotropic 
ultravirus” was the etiologic factor responsible for the acute encephalitis and the 
later development of the plaques of demyelinization with glial proliferation. 


Wet, Chicago. 
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AN ANATOMOCLINICAL CASE OF PALATAL AND OcULAR MyocLonta, T 


ALAJOUANINE, R. Tuuret and T. Hornet, Rev. neurol. 64:853 (Dec.) 1935. 


Clinically the patient presented an alternating syndrome characterized on the 
right side by peripheral facial paresis and abducens paralysis, with paralysis of 
associated movements of the eyeballs toward either side. On the left side was 
mild hemiparesis, with dissociated anesthesia and synchronous myoclonic movye- 
ments of the palate, pharynx and ocular muscles. Anatomically a single focal 
lesion occupied the right side of the pontile tegmentum, involving the root fibers 
of the facial and abducens nerves, the medial longitudinal fasciculus, the median 
fillet and, to some extent, the base of the pons. There were secondary degenera- 
tion of the fillet, both toward the thalamus and toward the nuclei of the posterior 
column, descending degeneration of the central tegmental fasciculus and pseudo- 
hypertrophic degeneration of the homolateral olive. The cerebellar peduncles and 
dentate nuclei were intact. There were peculiar changes in the olive, in addition 
to the hypertrophic degeneration, consisting in a fenestrated appearance with 
marked gliosis. The authors conclude that the olivary degeneration is the only 
constant change in cases of palatal myoclonia, whether the lesion occurs in the 
homolateral central tegmental fasciculus or in the opposite dentate nucleus. 


FREEMAN, Washington, D. C, 


EXPERIMENTAL AcuTE Toxic ENcEepHALITIS. G. Petit and L. MarcHanp, Rey. 
neurol. 64:873 (Dec.) 1935. 


It is now realized that toxins may provoke inflammatory reactions in the brain 
similar to those of infectious character, even including nodules. It was believed 
sarly by Nissl that each poison has its peculiar effect on the cells, arsenic causing 
swelling, silver, atrophy and strychnine, pyknosis, and it is generally agreed that 
the effect of the toxins is on the cells themselves. However, observations on 
definite inflammatory reactions in the connective tissues have also been made, 
such as those associated with mushroom poisoning by Marcovitz and Alpers and 
with guanidine poisoning by Pollack. The authors studied experimentally the 
toxic effect of metaldehyde, a polymer of acetaldehyde, which is a combustible 
solid, nonexplosive and insoluble, burning without smoke or residue and forming 
no toxic gases. Work is under way to make it a substitute for denatured alcohol. 

Thus far, in France there have been sixteen cases of intoxication with metal- 
dehyde through ingestion, with three deaths. On taking the material into the 
stomach there is often a great deal of vomiting; the therapeutic attack is by 
emetics, since no specific remedy is known. Persons have recovered after taking 
as much as 30 Gm. In more toxic states there are muscular cramps, convulsions, 
with confusion passing into intellectual stupor, and coma lasting three or four 
days, usually with rapid recovery. There are no pains or fever, and the diagnosis 
is difficult in the absence of a history of ingestion of the drug. The authors find 
that the fatal dose is 0.25 Gm. per kilogram of body weight. At autopsy the 
characteristic odor of metaldehyde is observed. The internal organs appear normal. 
The brain, however, is markedly congested, and minute hemorrhages appear in 
the white substance. Histologically there is swelling with vacuolation of the 
ganglion cells. Sometimes the nucleus is compact, and there is a vacuole about 
the nucleus. The glia cells are swollen and the microglia cells hypertrophied; 
small perivascular collections are visible here and there; inflammatory nodules are 
observed in the basal ganglia and the brain stem, and in the spinal cord there are 
dustlike granules, apparently on the surface of the ventral horn cells. The 
pathogenesis depends on the depolymerization of metaldehyde, with formation of 
the toxic acetaldehyde. This substance can produce symptoms much like those 
observed in other intoxications and also cerebral alterations characteristic of 


various poisons, both chemical and microbic. FREEMAN, Washington, D. C. 
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SypHILITIC PARAPLEGIA OF ERB, WITH ATROPHY OF THE Optic Nerves. G. 
Marinesco, S. DraAGANeEsco and D. Gricoresco, Rev. d’oto-neuro-opht. 14:8 


(Jan.) 1936. 


In the case reported the patient was observed for eight years and died of cancer 
of the liver and stomach. A man aged 60, with syphilis which had been insuffi- 
ciently treated, experienced slight difficulty in walking, which slowly progressed 
to total spastic paraplegia. The condition was accompanied by disturbance of 
vision due to atrophy of the optic nerves. Treatment was without avail; in fact, 
the impression was gained that the malady was aggravated by treatment. At 
autopsy the spinal cord was observed to be flattened anteroposteriorly, especially 
in the middle and lower dorsal regions, with thickening of the soft meninges. 
Thickening of the meninges and localized arachnoiditis were present in the region 
of the chiasm. The arteries at the base of the skull were sclerosed and partly 
calcified. The trunk of the right ophthalmic artery was especially involved; 
it crossed under and to the inner side of the optic nerve, compressing it. There 
were marked thickening of the arachnoid around the optic nerves and almost total 
degeneration of the nerves. The process was one of marginal demyelinization, 
involving the anterolateral column and especially the direct cerebellar bundle and 
the external part of the crossed pyramidal bundle; it predominated in the upper 
and middle parts of the dorsal region of the cord. 

The association of optic neuritis and Erb’s paraplegia is not frequent. As to 
the pathogenesis of these atrophies of the optic nerve, inflammatory arachnoiditis 
of the chiasmal region may be present, in spite of the chronicity of the disease; 
it certainly plays a role in the opticochiasmal neuritides. From an anatomico- 
pathologic point of view, degeneration of the anterolateral columns is always 
present in association with Erb’s paraplegia, with or without other degenerative 
changes. This degeneration is secondary to chronic arachnoiditis or a meningo- 
vascular inflammatory process (chronic progressive meningomyelitis). Clinically, 
Erb’s paralysis is a special form of syphilis of the cord, characterized by spastic 
paraplegia developing insidiously and progressing slowly. The association of such 
other symptoms as sensory or optic troubles should not invalidate the diagnosis 
of Erb’s paraplegia. Dennis, San Diego, Calif. 


ANATOMICOCLINICAL SYNDROME OF TUMORS OF THE FOURTH VENTRICLE FROM THE 
OTONEUROLOGIC PoInT oF ViEW. G. S. ZIMMERMANN and A. S. TCcHER- 
NYSCHEW, Rey. d’oto-neuro-opht. 14:29 (Jan.) 1936. 


A tumor of the fourth ventricle is manifested by local and remote symptoms, 
the latter by reason of the enormous hydrocephalus. Of the local symptoms 
pathologic phenomena of the eighth nerve occupy first place; disturbances of the 
cochlear division are more rare than those of the vestibular. The clinical and 
anatomicopathologic aspects depend on the stage of evolution at the time of 
examination. 

The case reported is that of a boy aged 14 years, whose symptoms had begun 
two years before with headaches, followed by attacks of vertigo. Ten weeks before 
death he became blind, owing to atrophy of the optic nerve following papillary 
stasis. Good hearing, with shortened bone conduction, spontaneous deviation 
inward of the arms and a Romberg sign (falling backward) were observed. 
Postrotatory horizontal nystagmus of large amplitude toward either side and 
inverse past pointing were elicited. Tests for falling and past pointing after 
douching gave normal results. No localizing diagnosis was made. At autopsy a 
tumor was noted on the ventral surface of the brain, between the cerebellum and 
the medulla. The tumor (perithelioma) compressed the right tonsil of the cere- 
bellum and the median parts of the biventer and gracilis lobes on both sides and 
filled the fourth ventricle, compressing the dorsal part of the pons, the tonsils 
and the tuber vermis. Microscopic examination of serial sections revealed no 
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degeneration of the ventral and dorsal cochlear nuclei. The cells of the nuclej of 
Deiters, Bechterew and Schwalbe were degenerated, and the glia was proliferated, 
Degenerative changes were present also in the nucleus of Roller bilaterally, the 
fibers of the nucleocerebellar tract, the cells of Purkinje, the lingual and central 
lobes, the pyramid, uvula, nodulus and biventer and gracilis lobes and all the 
central cerebellar nuclei. The indemnity of the cochlear nuclei is explained by 
the fact that they are situated more deeply in the floor of the ventricle than 
the vestibular nuclei. The spontaneous inward deviation, the inverse deviation 
after stimulation and the nystagmus of wide amplitude were caused by disturbances 
of function of the nucleocerebellar fibers. the function of which is inhibitory, 
From the fact that correct falling occurred in the caloric test in the presence of 
the alterations observed, the authors conclude that: (1) the pathway of the falling 
reaction does not necessarily pass by way of the vermis and (2) the static dis- 
turbances (falling backward and staggering gait) associated with a correct falling 
reaction to stimulation of the labyrinth are due exclusively to changes in the 


vermis. =N i i 
Dennis, San Diego, Calif. 


Liporp DESTRUCTION IN THE CENTRAL NERVOUS SYSTEM IN ASSOCIATION WITH 
PsEUDOSYSTEMIC DisEASES. EuGEN Jahrb. f. Psychiat. u. Neurol 
52:219, 1935. 


Pollak examined histologically the brain and cord of a patient suffering from 
hemolytic icterus and a condition of the spinal cord which, though predominantly 
a combined system disease, presented evidences of a level lesion—a not uncommon 
occurrence in the funicular myeloses. From this investigation he concludes that 
in some conditions of the nervous system there is a primary disease of the myelin 
sheaths, while in others the process of demyelinization shows great variations, 
depending on different types of basic chemical reactions. In some cases there 
occurs a breaking down of the cerebrosides and neutral fats, whereas in others 
the phosphatides are chiefly affected, although it must be borne in mind that 
during disintegration of this principal component of the neurokeratin there also 
occurs precipitation of other lipoids. In the case reported, Pollak distinguished 
clearly the changes occurring in the two processes, as well as the succession of 
their occurrence. According to Pollak this biphasic destruction may be encountered 
in other diseases, such as multiple sclerosis. KescHner, New York. 


Histotocic CHANGES IN THE CENTRAL NERvoUS SYSTEM AFTER ACUTE POISON- 
ING BY ALLYLISOPROPYLBARBITURIC ACID WITH AMINOPYRINE (ALLONAL). 
G. I. Fazexas, Monatschr. f. Psychiat. u. Neurol. 90:336 (March) 1935. 


Fazekas describes the changes in the organs of a patient who took allyliso- 
propylbarbituric acid with aminopyrine (allonal) with suicidal intent and died 
thirty-one hours later. Small hemorrhages were observed in the pericardium 
and the mucosa of the stomach and duodenum. There were acute bronchial catarrh 
and edema and foci of inflammation in the lungs. The cardiac muscle appeared 
cloudy, and there was fatty degeneration of the liver and kidneys. The meninges 
and brain were hyperemic and edematous; the cerebral convolutions were flattened. 
The nerve cells of the cerebral cortex were severely damaged; the cell bodies 
stained irregularly; the Nissl bodies were diminished in number or absent, and 
the cytoplasm often contained vacuoles. The cerebral capillaries and venules were 
dilated, and many endothelial cells showed degenerative alterations. Fatty changes 
were frequent in the walls of the cortical capillaries and in the neuroglia cells. 
In the central gray nuclei and internal capsule the walls of the vessels were 
edematous or necrotic, and thrombi were frequent. The nerve cells of the lenticular 
nucleus were severely damaged; there was an increase in the number of neuroglia 
cells. Several small areas of softening were observed in this region. The nerve 
cells of the thalamus displayed less marked changes. The Purkinje cells of the 
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cerebellum and the nerve cells of the dentate nucleus were greatly altered. In 
the pons and medulla the capillaries were congested, and small hemorrhages were 
occasionally noted. Pronounced damage of the nerve cells was observed in the 
inferior olive. the nucleus of the vagus nerve, Roller’s nucleus and the formatio 
reticularis. In general the small sensory neurons were more profoundly affected 
than the large motor neurons. Fazekas emphasizes that the changes are more 
pronounced in certain types of cell and in certain areas. This points to a selective 
action of the drug on parts of the nervous system which display the most marked 


involvement. ROTHSCHILD, Foxborough, Mass. 


Frner MorpHo.Locic STRUCTURE AND DEVELOPMENT OF THE GLIA OF THE BRAIN 
or THE NEw-Born InFAant. H. N. Ropack and H. J. ScHerer, Virchows 
Arch. f. path. Anat. 294:365, 1935. 


Forty-nine pages with twenty-seven illustrations are devoted to a presentation 
of the results of a study of the glia of the brain at and shortly before birth and 
of the development of the glia following birth. The purpose of the study was 
to furnish a morphologic basis for investigation of pathologic changes in the glia 
during this early period of life. The technical procedure elected was the Nissl 
method applied to large pyroxylin (celloidin)-embedded sections, usually frontal 
sections of an entire hemisphere. It is held that this method will yield the best 
results in studies of pathologic brains. The material consisted of fifty brains, 
twenty-four from infants from 46 cm. in length to 2 months of age, fourteen from 
infants from 2 to 13 months of age and the remainder from premature infants from 
29 to 46 cm. long. The region of the internal capsule and corpus striatum was 
studied most intensively. The observations in these regions are compared with 
those in other parts of the brain. The most striking differences between the brain 
of the new-born and that of the adult are the presence in the former of areas of 
glial growth or germinal centers, situated chiefly in the neighborhood of the 
ventricles, and a seemingly chaotic intermingling of areas of glia in various stages 
of development. The latter state was associated with an orderly sequence in the 
development of different portions of the brain, glial development going hand in 
hand with myelinization. With myelinization of the various tracts there occurs 
in these regions an active proliferation of the glia, a process to which the authors 
apply the term “myelinization gliosis.” Myelinization requires the participation 
of the glia, and it is during this stage that the glia differentiates into macro- 
dendroglia and oligodendroglia. 

O. T. ScHuttz, [Arcu. Patu.] Evanston, III. 


INTRAVENTRICULAR MENINGIOMA IN THE PosTERIOR Horn OF THE RIGHT LATERAL 
VENTRICLE. JACcQuES De BusscHer, Ztschr. f. d. ges. Neurol. u. Psychiat. 
152:522 (April) 1935. 

De Busscher reports a case of intraventricular meningioma in the posterior 
horn of the right lateral ventricle. He found only two cases of a similar tumor 
in the literature—those of Hosoi and Roscher. 

Autopsy revealed a tumor the size of an orange in the posterior horn of the 
right ventricle. The growth was limited to the ventricle. The right thalamus 
was displaced anteriorly and medially but was not infiltrated. One small cystic 
area was observed in the tumor near the thalamus. The tumor was hard and 
was variously colored, white, red and greenish yellow. Histologically the neo- 
plasm showed a picture typical of endothelioma. In certain parts formation of 
psammoma bodies was evident. The tumor probably had origin from the non- 
epithelial portions of the choroid plexus. De Busscher does not attempt clinico- 
pathologic correlation, hoping that the accumulation of similar cases will ultimately 
permit the delineation of a syndrome of intraventricular meningioma. 


Savitsky, New York. 
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LOocALIzING SIGNIFICANCE OF SPONTANEOUS VERTICAL NysTAGMUs, 
STENGEL, Ztschr. f. d. ges. Neurol. u. Psychiat. 153:417 (Aug.) 1935, 


Erwin 


A case of vertical nystagmus is reported with observations at autopsy. A man 
aged 60, with a long history of diabetes mellitus, suddenly became confused and on 
examination was found to have right hemiparesis, with a Babinski sign, facial 
weakness on the left side, diminution of all superficial modalities of sensation on 
the paretic side and mild finger to nose ataxia on the left. Spontaneous vertical 
nystagmus was present on fixation and increased in intensity with upward movye- 
ments of the eyes. The patient was given two doses of 30 units of insulin on the 
day of admission to the hospital. On the next day convulsions developed, and 
he died, with signs of heart failure. 

Necropsy showed a fresh softening in the dorsal part of the pons on the left, 
There were also three areas of softening in the cortex. Microscopic examination 
revealed glial proliferation in the region of the inferior olives and fatty deposits 
within the cells. Careful study of the extent of the area of softening in the pons 
showed that the caudal end of the area involved the oral third of Deiter’s nucleus, 
the brachium conjunctivum and the medial and lateral lemnisci. The left central 
tegmental tract was also implicated. 

Vertical nystagmus, according to Stengel, is probably due to a lesion of the 
oral end of Deiter’s nucleus. This hypothesis is confirmed by the anatomico- 
clinical observations in the case of cysticercus of the medulla reported by Marburg 
and by the experimental work of Bauer and Leidler. Stengel is unable to state 
the significance of involvement of the tegmental tract in accounting for the vertical 
nystagmus in this case. The question is left open whether lesions on the left side 
alone give rise to spontaneous vertical nystagmus. In Marburg’s case the lesion 
was also on the left. 

The danger of overdosage of insulin in patients with vascular disease js 
incidentally noted. Insulin per se may cause cerebral edema and may have a 
deleterious effect on patients with vascular disease of the brain. It is therefore 
important to be careful with the dosage of insulin in patients who have cerebral 


vascular disease. SAvVITSKY, New York 


ANATOMICOPATHOLOGIC SUBSTRATUM OF TorSION DystontA. Cart J. MuNncH- 
PETERSEN, Acta psychiat. et neurol. 10:391, 1935. 

Munch-Petersen reports the case of a boy aged 18 years, of healthy stock, 
in whom in the course of four years there developed mental disturbances, epilepti- 
form seizures, dysarthria and torsion dystonia. While he was under observation 
in the hospital, his behavior showed pronounced features of a hysterical trend, with 
exhibition of “paradoxical kinesis”; e. g., when hearing an orchestra playing in 
the street, he promptly left the bed and reached the window without showing 
dystonia; at other times he was bedridden because of involuntary movements. He 
died of bronchopneumonia. Autopsy revealed an osteosarcoma infiltrating the 
sacral plexus. Histologic examination of the brain showed a diffuse inflammatory 
process (perivascular infiltration with the Hortega cells, glial proliferation and 
neuronophagia) in the cerebral cortex, especially in the frontal lobes, but no abnor- 
malities of note in the basal ganglia or elsewhere. The liver was not affected. 
Munch-Petersen discusses the theories of pathogenesis of torsion dystonia and com- 
ments on the clinicopathologic observations in his case as follows: The diffuse 
encephalitic process in the cortex led to a release of the extrapyramidal motor sys- 
tem in the form of torsion dystonia, without direct involvement of the basal ganglia; 
the basal ganglia were involved by a lesion not demonstrable by available methods, 
or torsion dystonia developed as a psychogenic (hysterical) defense reaction to 
the malignant tumor of the sacral plexus. While accepting the view that torsion 
dystonia is a syndrome of organic origin, he believes that psychogenic (hysterical) 
factors may play an important role in the “fixation” of extrapyramidal motor 
disturbances in the form of torsion dystonia. He points out the prominence of the 
psychic component in the symptomatology of all extrapyramidal syndromes. 


YAKOVLEV, Palmer, Mass. 
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A Nore ON THE SIGNIFICANCE OF INFANTILE NUTRITIONAL DISTURBANCES IN 
THE DEVELOPMENT OF ALCOHOLISM. BERNARD S. Rogprns, Psychoanalyt. Rev. 
22:53 (Jan.) 1935. 


Robbins calls attention to what he regards as a neglected factor in the develop- 
ment of alcoholism, namely, the relationship existing between general nutritional 
disturbances and addiction to alcohol. Digestive disturbances, loss of appetite 
and indisposition to intake of food, as well as violent ejections, are widely known 
accompaniments of the alcoholic spree. The discussion is based on a psycho- 
analytic study in the case of a man aged 26, in whom early nutritional disturbances 
played a significant role in the later development of alcoholism. As a spontaneous 
attempt at healing, alcoholism developed subsequent to a breakdown in adolescence, 
panic-like in character, with marked obsessional and compulsive features. The 
underlying neurosis appeared to be definitely linked to a prolonged period in 
infancy and childhood, characterized by malnutrition and eccentricities in feeding. 
To avoid feelings of guilt, the patient threw himself into riotous living, with 
excessive consumption of alcohol as an expedient. He always insisted that alcohol 
was a life-saver for him. During a period of abstinence from liquor, fogginess, 
unreality and withdrawal symptoms became prominent, and this was combined with 
the realization that alcohol was becoming less successful in warding off the 
“shakes” (terror fantasies). His earliest recollections at the age of from 3 to 4 
years concerned a particular distaste for milk, violent rejections of most foods 
and hatred of those who forcibly fed him. He frequently induced vomiting and 
could tolerate only foods of thick consistency. By virtue of the feeding difficulties, 
he was considered a delicate child and was much pampered and overprotected. 
Nevertheless, life was grim and bitter, and liquor was a means of inducing stupor 
and forgetfulness through its narcotic effect. Despite the fact that even as an 
adult he had no joy in eating, he was constantly preoccupied with food. He was 
never really hungry. Eating was with him a conscious, deliberate process. It 
was as though something had occurred in the breast-mouth intimacy with his 
mother which had divorced the substantial aspects of feeding from the erotic, and 
living thenceforth became not a pleasure but duty. He readily equated the alcoholic 
bottle with the breast, and there was reason to surmise that deprivations must 
have occurred singularly early. The craving was much like that of a starved 
child for milk. He could not, however, understand why, if he wanted it so 
insistently unconsciously he found it so repulsive in reality. 

In the course of treatment the patient realized that behind his great hostility 
for his mother there must have been a time when he thoroughly enjoyed her in 
reality. He then recalled, not as an actual experience but as hearsay, that in the 
first few days after birth his mother had been profoundly ill and had had a breast 
abscess which necessitated the patient’s weaning. After this withdrawal his life 
was despaired of for many months. He was subject to pylorospasm, with violent 
regurgitations and could retain only a heavy, gruel-like substance. Of significance 
is his comment that this substance seemed much like the material which was 
exuding from his mother’s breast during the first few days she had nursed him 
(colostrum). The subsequent attitude toward his mother and others is understood 
by the fact that he was left alone and starving at the time of his greatest need. 


KARPMAN, Washington, D. C. 


HyPoGLyCcAEMIA IN THE Neuroses. M. S. Jones, Brit. M. J. 2:945 (Nov. 16) 

1935. 

The histories of three cases are presented, each showing emotional symptoms 
due to a hypoglycemic state. The etiology of the reduction in blood sugar was 
different in each patient. One, presumably, had Simmond’s disease, the second 
renal diabetes and the third Jones believes to have had so-called alimentary hypo- 
glycemia. It is emphasized that because of the similarity of the symptomatology 
there may be considerable difficulty in distinguishing hypoglycemia from functional 
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Stupy oF RELATIVES IN A CONTROL SAMPLE OF THE POPULATION, WITH SpEctaL 
ATTENTION TO THE INCIDENCE OF SYMPTOMATIC DELIRIUM. HEINz Boeters, 
Ztschr. f. d. ges. Neurol. u. Psychiat. 153:90 (June) 1935. 


Boeters presents the results of another investigation of a control sample of 
the population to determine the incidence of mental disease and mental abnormality, 
Such studies have been conducted in an attempt to evaluate the role of constity- 
tional and hereditary factors in the pathogenesis of mental disease. In calculating 
the incidence of abnormality, only persons who were within the age group during 
which the particular disease is known to occur were included. Relatives of persons 
with psychoses used as controls were not included. 

Boeters reports a survey of the incidence of mental disease and mental abnor- 
mality in 100 consecutive patients admitted to the surgical service of a hospital in 
Munich during 1932. There were 50 men and 50 women; they ranged through 
all the age groups. Sixty-two were admitted with a history of accident; 5 had 
malignant tumor; 1, poliomyelitis; 15, commotio cerebri, and 38, strictly surgical 
disturbances. Two of the subjects investigated had schizophrenia; 1, an attack 
of manic-depressive psychosis, and 1, epilepsy. Four had had previous delirious 
states during somatic affections. Two were alcoholic and 2 mentally defective, 
and 1 was mentally defective due to congenital syphilis. 

Five hundred and fifty-nine siblings were available for study. Schizophrenia 
was present in 1.37 per cent; there were no cases of manic-depressive psychosis, 
Two cases of suicide were attributed to reactive depressions. Dementia paralytica 
was present in 0.82 per cent; epilepsy, in 0.2 per cent, and a psychopathic condi- 
tion demanding institutionalization in 0.79 per cent. There was a history of criminal 
behavior in 2.18 per cent and of mental deficiency in 1.5 per cent. Psychosis with 
cerebral arteriosclerosis was found in 2.4 per cent and symptomatic psychoses were 
present in 6 cases, or 1.38 per cent. 

The author notes the important fact that the frequency of schizophrenia, 
psychopathic personality and mental deficiency is significantly greater when the 
traumatic group alone is considered. This points to the existence of predisposing 
factors to trauma. The data collected regarding this point are still insufficient, 
though the figures available are suggestive. 

Among the parents there were 1 case of manic-depressive psychosis (0.63 per 
cent), none of schizophrenia, 1 of cerebral arteriosclerosis with psvchosis (0.865 
per cent), 5 of chronic alcoholism, 1 of suicide and 1 of institutionalized hysteria. 

One hundred and eight children of 41 patients were available for study. In 
these Boeters found 1 case of schizophrenia, 1 of manic-depressive psychosis, 1 of 
epilepsy, 1 of suicide due to reactive depression and 1 of symptomatic delirium. 
The percentage for the last group was 1.49, including patients over 10 years of age. 

30eters emphasizes especially that symptomatic delirium was particularly low 
in this series of cases, as compared with the figures for Brugger’s group of rela- 
tives of patients with delirium tremens. This suggests strongly a constitutional 
factor accounting for the appearance of symptomatic delirium in a particular case 
during the course of a somatic illness. 


SavitsKy, New York. 


Society Transactions 


CHICAGO NEUROLOGICAL SOCIETY 
Annual Meeting, May 21, 1936 


S. W. Ranson, M.D., President, is, the Chair 


ASSOCIATION OF CAROTID SINUS REFLEXES WITH SYNCOPE AND CONVULSIONS: 
Report OF Four Cases. Dr. LeRoy H. SLoan and Dr. A. S. FREEDBERG, 
by invitation. 

This article will be published in full in a later issue of the ARCHIVES. 


HunTINGTON’S CHOoREA. THEODORE T. STONE and EuceENE I. FALstern, Elgin, II. 


In 7 cases of well developed Huntington’s chorea there were such similar 
and analogous macroscopic and microscopic pathologic changes as to give the 
impression that one and the same brain was being examined. The changes were 
essentially those of an atrophic process involving the brain as a whole, associated 
with bilateral lesions in the neostriatum and the cerebral hemispheres. The lesions 
in the areas involved were those of primary shrinkage of the frontoparietal cortex 
and the caudate and lenticular nuclei, with microscopic evidence of deficiency and 
degeneration of nerve cells. Marked proliferation of the fibrous neuroglia cells 
was present in the neostriatum. 

The brains in all cases showed the following changes in common: generalized 
diminution in size; atrophy, especially in the frontal and the precentral region; 
marked atrophy and cellular degeneration of the caudate nucleus and the putamen 
bilaterally ; moderate atrophy of the globus pallidus bilaterally; marked prolifera- 
tion of the fibrous and protoplasmic neuroglia in the caudate nucleus and the 
putamen of both sides; marked dilatation of the lateral ventricles; shrinkage 
of the ganglion cells in the third and fourth layers of the gray portion of the 
cortex; distention of the leptomeningeal spaces, and increase in the width of the 
sulci of the frontal and the parietal lobe. 

DISCUSSION 

Dr. H. I. Davis: Did Dr. Stone pay attention to the mental picture accom- 
panying Huntington’s chorea. ? 

Dr. Maser G. MAsTEN, Madison, Wis.: In connection with the pathologic 
changes described by Dr. Stone: From the encephalographic films in the case of 
a member of a Wisconsin family in which chorea occurred, it will be seen that 
there are gross cortical atrophy and general shrinkage, with enlargement of the 
ventricular system; 370 cc. of spinal fluid was removed in this instance. In 
contrast are the films in the case of a woman in the thirties who has chorea which 
in all respects is similar to the hereditary form but which developed in association 
with typhoid. The ventricles are enlarged, but there is conspicuous lack of surface 
markings. While the films do not reveal the underlying pathologic condition, 
the extensive arachnitis suggests an inflammatory nature. 

Dr. G. B. Hassin: Since Alzheimer published his famous investigations on 
the pathologic changes in Huntington’s chorea about twenty-five years ago, definite 
changes in the corpus striatum and cerebral cortex, with secondary hydrocephalus, 
have been established. They have been well demonstrated by Dr. Stone, in whose 
cases atrophy of the frontal lobes of the cerebrum was especially marked. As a 
lesion of the frontal lobe may affect more or less the pons and indirectly the cere- 
bellum (through the frontopontocerebellar paths), one would expect changes in 
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the pons also in cases of Huntingten’s chorea. I think one can discern changes 
in Stone’s beautiful illustration of the cerebellum, and I wonder whether he wil] 
not restudy his slides with a view to determining whether such changes are not 
present also in the pons. 

Dr. Roy R. Grinker: Huntington’s chorea, although familial, is a recessive 
character; only a few members of a family actually have the disease. In others 
it may develop late, accidentally following additional external influences, such as 
trauma of the head or infection. Necropsy in the case of siblings not showing 
the chorea may, according to the Vogts, demonstrate mild changes identical with 
those observed in members who have chorea. 

As has been shown on numerous occasions, atrophy of the striatum results in 
secondary enlargement of the anterior portion of the lateral ventricle. Normally 
the angle between the head of the caudate nucleus and the corpus callosum js 
acute. In cases of incipient or latent Huntington’s chorea encephalography may 
demonstrate a rounded ventricular border instead of the normal acute angle. — 

Dr. THEODORE T. STONE: We purposely refrained from clinical or symptomato- 
logic discussion. This is a pathologic study. In regard to mental changes: In 
60 per cent of the 8 cases now being studied and the 7 reported this evening, 
hyperkinesia was shown several years before the mental symptoms. In the remain- 
ing 40 per cent the symptoms developed synchronously. 

In regard to Dr. Masten’s studies: We have studied 2 cases at the Elgin 
State Hospital; we are glad that she demonstrated the large collection of air over 
the convexity of the brain and the large ventricles. 

Regarding Dr. Hassin’s remarks: We stained sections from the cerebellum for 
myelin sheaths, but to date we have observed nothing. Perhaps on closer investiga- 
tion we may see changes in the pons or the cerebellum in relation to the fronto- 
pontocerebellar tract. 

I am grateful to Dr. Grinker for his suggestion that by injection of air one 
may find early in cases of Huntington’s chorea an acute angle in the lateral 
ventricle which will indicate the development of the disease. 


SLEEP INDUCED BY SoprtuM AMyYTAL: AN ABRIDGED METHOD FoR USE IN MENTAL 
Irtness. Dr. SAMUEL B. Broper (by invitation). 


The reason for the choice of sodium amytal in preference to other hypnotics 
in the treatment of mental illness is discussed. An abridged method of treatment 
is given, as compared with the induction of continuous sleep, which has been in 
use for over a decade. Fifty-eight patients were subjected to the treatment on 
seventy-three occasions. The following conclusions are drawn from the results 
obtained: (1) although sodium amytal is likely to produce toxic manifestations, 
in only 1 case were these sufficiently severe to warrant discontinuation of the 
treatment; (2) there is no correlation between the number of treatments with 
sodium amytal and the toxic manifestations; (3) there is no direct relation between 
the age and the response to treatment; (4) the reaction and the response to the 
drug depend on the individual constitution and are independent of the quantity 
of the drug consumed and the duration of sleep, and (5) patients tend to react 
differently on certain days, and the days on which they react most favorably, 
arbitrarily designated as “best days,” should be used for intensive psychotherapy. 

Psychotherapy seems to be essential for favorable results. It is suggested 
that recovery does not depend on the depth of narcosis or the duration of sleep 
but on the twilight state, which enables the physician to use psychotherapy 
effectively. 

DISCUSSION 


Dr. H. I. Davis: I admire the enthusiasm of Dr. Broder. I fear the title 
of the paper is a misnomer. It probably should have been “Psychotherapy Under 
the Influence of Sodium Amytal.” What I cannot readily understand is how 
much the success in the treatment of mental illness by this method is due to 
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sodium amytal and how much to psychotherapy. Personally, I have used sodium 
amytal in selected cases for long periods, without rendering the patient accessible 
to this type of therapy. 

Dr. Maset G. MAsteN, Madison, Wis.: I wish to defend Dr. Broder’s paper, 
since I cannot agree entirely with Dr. Davis’ criticisms. As an associate of 
Dr. Bleckwenn, whose work with sodium amytal Dr. Broder cites, I can sub- 
stantiate many of the experiences of the speaker. Since he expresses doubt as 
to the amount of the drug that can be used over an extensive period, I might refer 
him to one of Dr. Bleckwenn’s patients who received a daily injection of 15 grains 
(0.972 Gm.) of sodium amytal over a period of two years. During the daily 
periods of release from catatonia she partook of two meals a day and wrote her 
autobiography—the autobiography of a schizophrenic. 

Another use for sodium amytal with us has been the classification of mental 
disorders in some of the more obscure conditions, particularly the depressions. It 
is often helpful in differentiating manic-depressive depressions from the schiz- 
ophrenias and is useful also in understanding the nature of the neuroses and in 
differentiating them from the psychoses. 

I agree with Dr. Davis that the paper has been misnamed, and that “Psycho- 
therapy with the use of Sodium Amytal” would have been a more accurate title. 

Dr. SAMUEL B. Broper: The title stands, and I stand by it. My object was 
to differentiate between the new technic of treatment which is suggested and the 
old method, which calls for prolonged and deep narcosis. I stressed the abridged 
method, that is, one which allows flexibility and permits the interruption of sleep 
for the purpose of using psychotherapy and the discontinuation of the treatment 
when the patient has shown a good response for at least one day, regardless of 
the duration of sleep. 

How does one arrive at the “best day’? By constant observation. When 
previously uncommunicative patients plead with the physician during their waking 
moments, thus: “Doctor, please help me”; “Why am I here?” “I don’t under- 
stand it at all’; “Will you please explain it to me,” or when they indicate in 
any other way their willingness to cooperate I call that day the “best day.” I 
have observed frequently that when the “best day” is not utilized for intensive 
psychotherapy, the patients respond poorly. 


TERCENTENARY CELEBRATION AT HARVARD 
UNIVERSITY 


At the Harvard Tercentenary Conference the topic of the symposium on 
Monday, September 7, was “Factors Determining Human Behavior.” The speakers 
included such well known scholars as Adrian, Collip, Janet, Jung, Carnap and 
Malinowski and represented a wide variety of learning and human experience, 
ranging from biochemistry to anthropology and from neurophysiology. and psy- 
chology to history. The gathering of distinguished scholars on the occasion of 
the Harvard Tercentenary Celebration offered a unique opportunity to arrange 
such a symposium, which would break down the traditionally specialized lines 
of approach and bring widely differing points of view and methods to bear on a 
common problem. 

The significance of the problem chosen for discussion is obvious. The predic- 
tion, understanding and control of human behavior, in the individual and in social 
groups, constitute one of the most urgent problems of modern civilization. The 
problems are still far from solution; each scholar, however, at least pointed out 
one or another factor of importance which he had studied, and from the discussion 
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as a whole one obtained some conception of the complexity of the problem, 
Important advances have been made in recognizing factors other than pure reason 
in the determination of human behavior. 

The symposium opened with a discussion of the nervous system by Edgar D, 
Adrian, an acknowledged leader of the modern school of electrophysiology. He 
said in part: 

“The lower creatures do not meet to discuss the factors which determine 
their behavior. ‘Know thyself’ is a precept reserved for Homo sapiens; indeed, 
the more academic the discussion the better the true position of man in the animal 
kingdom will be demonstrated. Man is an animal with powers of reflection and 
foresight, who can use tools and form propositions. The chief factor which 
determines the range of his activities is the nervous system. Every movement 
is the result of the messages which pass from the central mass of nerve cells to 
the muscles, and the outgoing messages are varied according to the reports 
submitted by the sense organs. These show what is happening in the world outside, 
and the central nervous system must evolve a plan appropriate to the occasion, 
But only the simplest plans are possible if the central nervous system is ill 
developed. An earthworm can take to its burrow when it feels the shock of 
footsteps on the grass, and such an immediate reaction needs only a few hundred 
nerve cells and fibers; a man can sell out an investment when he hears rumors 
that the company is unsound, but this reaction needs the ten thousand million cells 
of the human cerebral cortex. 

“The concern in this discussion is with behavior of this characteristically human 
type. It represents by far the most complex synthesis achieved by any nervous 
system. Neurology, therefore, is not to be blamed because it cannot yet analyze 
such a product into an affair of nerve networks and impulses. But from one 
aspect human behavior is an affair of networks and impulses; it may be useful 
to picture it in these terms, in spite of the fact that far more is known about 
man’s thoughts and actions than about the mechanisms in his brain. 

“The central nervous system may be divided into the forebrain, the cerebral 
hemispheres, which elaborate the general plan of behavior, and the brain stem and 
spinal cord, which have to carry out the plan and attend to the administrative 
details. The whole system is made up of cells with threadlike extensions, some 
running as nerve fibers to the periphery and some forming the interlacing networks 
of the ‘central apparatus. The cells and their extensions are excitable; within 
them are stores of available potential energy, ready to be discharged as soon as 
the restraining forces are weakened but replenished as soon as the discharge is 
over. All nervous activity involves discharges of this kind. Thus, the long 
distance signaling from the sense organs to the brain and from the brain to the 
muscles is carried out by conduction down the nerve fibers of repeated impulses, 
momentary waves of activity traveling like the spark along a fuse, and everywhere 
in the nervous system the energy is liberated in brief outbursts rather than in a 
continuous stream. This fact by itself has little bearing on human actions, save 
that it sets an upper limit to the rate at which activity can change. What is of 
more importance is that in some nerve cells the outbursts seem to occur spon- 
aneously, without the need for an external stimulus to start the discharge. 

“The best example is the respiratory center, the group of cells in the brain stem 
which controls the rhythmic movements of breathing. For these cells the normal 
state is one in which periods of rest and activity alternate regularly. There are 
various devices for controlling the rhythm and prolonging one or other phase 
to suit the convenience of the organism; the regular cycle, however, must return 
in the end, and it is due not to a sequence of reflexes but to the cycle of break- 
down and repair in the nerve cells. The movements of walking and running are 
determined in the same way by an automatic rhythm in a group of nerve cells. 
Over these, however, the organism has a greater measure of control and can start 
or stop the rhythm by appropriate signals. The work of Coghill and others on 
the development of behavior in the embryo has shown that many complex activities 
have this semiautomatic origin, the outside world giving signals to begin and 
end and the complex organization of the nerve cells supplying all the detail. 
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“The activity of the cerebrum, determined largely by the past and changing 
continually even in a steady environment, is in sharp contrast with that of the 
rest of the central nervous system. This portion has no memory. Its function 
js to carry out the plans dictated by the cerebrum and at the same time to keep the 
machinery of the body running smoothly. It must regulate the intake of food 
and oxygen, the circulation of the blood and its temperature and acidity. It must 
keep the body in its correct position in space, balancing it in spite of its shifting 
center of gravity. It must minimize the disturbances which are likely to result 
from great exertion or injury. For all this there is a beautiful reflex machinery 
coordinating the messages from sense organs specially adapted to register the 
blood pressure, the tension in muscles, the pull of gravity, etc. But an animal 
without its cerebrum is no more than an automaton: It can stand and breathe 
and live after a fashion, but its behavior is reduced to a number of reflexes or, at 
the most, to habitual patterns of action. 

“Human behavior, then, is preeminently the affair of the cerebral cortex. 
This is made up of the same structures as the rest of the nervous system, though 
there are more nerve cells, larger networks, in proportion to the incoming and 
outgoing pathways, and more spontaneous discharge. What is new is its power to 
combine past with present activity. The cortex can learn and can use its learning 
to generalize and to solve new problems. But even the simplest kind of learning 
involves a factor which must still be expressed in psychologic terms. As Pavlov’s 
work has shown, there must be interest, a prospect of reward or punishment, an 
emotional stress which will change to satisfaction when the lesson is learned 
or the problem solved. It is perhaps too much to hope that in revealing the neural 
mechanism of attention one will reveal that of consciousness as well. The more 
primitive parts of the forebrain, the hypothalamus and the basal ganglia prepare 
the nervous system for its cycle of sleep and waking; they are linked with the 
hormone system, and they control various kinds of instinctive and emotional 
behavior. For discriminative behavior there must be some interest; yet if there 
is too much, the behavior will cease to be discriminative. Under intense emotional 
stress behavior tends to become stereotyped. Behavior will be more effective 
when there is enough emotional tension to arouse the activity of the forebrain but 
not enough to submerge it in a stereotyped response.” 

James B. Collip (who ten days later was given the honorary degree of Doctor 
of Science, with the following citation: “A skilful biochemist, a bold explorer 
among the tangled complexities of the internal secretions”) spoke next on “Hor- 
mones in Relation to Human Behavior.” He stated that there are but two systems 
that affect the whole vertebrate organism—the nervous and the endocrine system. 
The hormones are similar in all vertebrates, from fish to man. The brains of 
higher vertebrates are quite different from those of the lower vertebrates. He 
discussed hereditary, constitutional and environmental factors. In his dealing 
with human phenomena, one doubted his clinical judgment when he quoted some 
statements of Rowe and Barker as if they were accepted facts. He told an 
amusing and significant story of a patient with diabetes who, after taking insulin, 
began to tremble and stagger because of a hypoglycemic reaction. He was just 
able to get to a drug store but could not explain his predicament and was kicked 
out as a “drunk.” In the gutter he became so angry that epinephrine mobilized 
sugar and he was cured! 

The psychologic approach was presented by three speakers: Pierre Janet, of 
France, and Carl Jung and Jean Piaget, of Switzerland. Janet, who is professor 
of psychology in the Collége de France, is universally regarded as one of the most 
distinguished French psychologists and psychopathologists—a worthy successor 
to the illustrious Charcot. As a young man with a love for natural science and 
philosophy, he devoted himself to the problem of mental disease, then practically 
untouched. He studied the various phenomena of suggestion, phobias, automatisms 
and compulsive acts and brought together in one systematic framework all the 
strange phenomena of hysteria. This represents, in the minds of many, the 
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foundation of psychopathology as a distinct field and for a long period remained 
the most systematic and penetrating analysis of the psychoneuroses. His talk was 
a masterly résumé of his objective point of view. 

Dr. Carl G. Jung, professor of analytic psychology at the Federal Polytechnical] 
University at Zurich, Switzerland, spoke on “Psychological Factors.” He said 
in part: 

“Among the psychic factors determining human behavior, the instincts are 
primarily the motivating forces of psychic events. In view of the controversy 
which has raged around the nature of the instincts, I should like to establish 
clearly that what seems to me to be the relation between the instincts and the 
psyche and why I name instincts as psychologic factors. 

“Hunger, as the characteristic expression of the urge to self-preservation, js 
without doubt one of the primary and most powerful factors influencing behavior; 
in fact, the lives of primitive people are more affected by it, and more powerfully, 
than by sexuality. At this level of existence hunger means the alpha and the 
omega—the existence itself. 

“The importance of the instinct of preservation of the species is obvious, 
However, the growth of culture having brought with it so many restrictions of a 
moral and social nature, sexuality has been lent, temporarily at least, an excess 
value, comparable to that of water in a desert. Because of the premium of intense 
sensuous enjoyment which nature has set on the business of reproduction, the 
urge toward sexual satisfaction appears in man—no longer conditioned by a mating 
season—as an almost separate instinct. The sexual instinct enters into combination 
with many feelings and aspects, with spiritual and material interest, and to such 
a degree that, as is well known, the attempt has even been made to trace the whole 
of culture to these combinations. 

“Sexuality, like hunger, undergoes a radical psychification, which makes it 
possible for the primarily purely instinctive energy to be diverted from its biologic 
applications and turned into other channels. The fact that the energy can be 
deployed into various fields indicates the existence of still other drives strong 
enough to change the direction of the sexual instinct and deflect it, at least in 
part, from its immediate goal. 

“From the psychologic standpoint, five main groups of instinctive factors can 
be differentiated: hunger, sexuality, activity, reflection and the creative urge. In 
the last analysis, instincts are ectopsychic determinants. It makes a great deal 
of difference in the behavior of the person whether the psyche is functioning 
mainly consciously or unconsciously. Naturally, it is only a question of a greater 
or less degree of consciousness, since total consciousness is empirically impossible. 
An extreme state of unconsciousness is characterized by the predominance of 
compulsive instinctive processes, the result of which is either uncontrolled inhibition 
or a lack of inhibition throughout. The happenings within the psyche are then 
contradictory and take place in terms of alternating, alogical antitheses. In such 
a case, the level of consciousness is essentially that of the dream state. In contrast 
to this, a high degree of consciousness is characterized by a heightened awareness, 
a preponderance of will, a directed, rationalized behavior and an almost total 
absence of instinctive determinants. The unconscious is then found to be at a 
level definitely animal. The first state lacks intellectual and ethical accomplish- 
ment; the second, naturalness. 

“Matter is in general the subject of physics, but it is also a psychic quality, 
as the history of religion and philosophy clearly shows. And just as matter is 
finally to be conceived of as merely a working hypothesis of physics, so spirit, 
the subject of religion and philosophy, is a hypothetic quality, in constant need of 
reinterpretation. The so-called reality of matter is attested in the first place by 
one’s sense perceptions, while belief in the existence of the spirit is supported by 
psychic experience. Psychologically, one cannot establish anything more final 
with respect to either matter or spirit than the presence of certain conscious 
contents, some of which are to be labeled as having a material and others a 
spiritual origin. In the consciousness of civilized peoples, it is true, there seems 
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to exist a sharp division between the two qualities, but on the primitive level 
the boundaries become so blurred that matter often seems endowed with soul, 
while spirit appears to be material. However, from the existence of these two 
categories, ethical, esthetic, intellectual, social and religious systems of values 
eventuate, which on occasion determine how the dynamic factors in the psyche 
are to be finally used. Perhaps it would not be too much to say that the most 
crucial problems of the individual and of society turn on the way the psyche 
functions toward spirit and matter. 

“The inherent tendency of the psyche to split means, on the one hand, dissocia- 
tion into multiple structural units but, on the other, a possibility favorable to 
change and differentiation: It allows the singling out of special parts in order 
to train them through concentration of the will and thus bring them to their 
maximum development. In this way, with a conscious one-sidedness, certain 
capabilities, especially those promising social usefulness, can be fostered to the 
neglect of others. Certain complexes cause a one-sided differentiation of doubtful 
value. Some degree of one-sidedness is unavoidable, and in the same measure 
complexes are also unavoidable. Looked at in this light, complexes might be 
identified with certain modified instincts. An instinct which has undergone too 
much psychification can revenge itself in the form of an autonomous complex. 
This is the chief source of the neuroses. 

“The tremendous intricacy of psychic phenomenology is borne in on one only 
after it is seen that all attempts to formulate a comprehensive theory are fore- 
doomed to failure. The premises are always far too simple. The psyche is the 
starting-point of all human experience, and all knowledge gained eventually leads 
back to it. The psyche is the beginning and the end of every realization. It is 
not only the object of its science but the subject also. This lends psychology a 
unique place among all the other sciences: On the one hand, there is a constant 
doubt as to the possibility of its being a science at all, while, on the other, 
psychology gains the right to state a theoretical problem, the solution of which 
will be one of the most difficult tasks of a future philosophy.” 

Jean Piaget spoke on the principal factors determining intellectual evolution 
from infancy to adult age. Professor of the history of scientific thought in the 
University of Geneva, and vice director of the Institut des Sciences d’Education, 
he is one of the leaders in the recently developed field of child psychology. His 
work has been that of systematic research on the content, mode of functioning 
and manner of apprehension of the child mind. He sees the development of 
children’s concepts against a social background and has investigated such senti- 
ments as those which lead one to speak of retributive and distributive justice, 
collective responsibility and so forth. The recognition of the personality of the 
child as different from that of an adult is a concept obviously of fundamental 
importance in the understanding of children and their mental processes. 

Logic was discussed by the philosopher Rudolph Carnap, of Prague. Carnap 
is one of the leading thinkers of a group of present day philosophers known as 
“logical positivists,” who have submitted to close scrutiny the methods of thinking 
and reasoning. They have shown that a great part of what passes for logical 
thinking is not what it seems. 

The president emeritus of Harvard University, A. Lawrence Lowell, was chosen 
to round out the symptosium with an example from the evidence of history. He 
spoke on the English parliamentary practice as the result not of theory but of trial 
and error and evolution. 

The final paper, presented as a lecture on Monday evening, was by the 
anthropologist Bronislaw Malinowski. His work has gone far to show that in 
certain primitive societies economically useful actions and customs arise out of 
complex ritual practices that seem superficially to have little or nothing to do 
with economic planning or analysis. Professor Malinowski has been instrumental 
in reforming an important branch of the study of human behavior. 

As the nature of this symposium shows, earlier results are being utilized, and 
experiment is adding new results from the fields of biochemistry, neural physiology, 


696 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


anthropology, logic, political science and history. It may be hoped that there will 
result a better balanced estimate of the factors determining human behavior which 
statesmen, administrators, generals and all managers of men are obliged to utilize 
because they cannot greatly modify or control them. 

At the Harvard University Medical School, on September 14 and 15, there was 
a session of the Tercentenary Celebration. There were four symposia: one on 
nutrition and the deficiency diseases, under the leadership of Dr. George R. Minot: 
one on the infectious diseases, under Dr. Hans Zinsser; one on the endocrine 
glands, under Dr. J. Howard Means, and one on the nervous system, under 
Dr. Walter B. Cannon, The program of the symposium on the nervous system 
was as follows: 
Dr. J. C. White: Surgery of the Sympathetic Nervous System. 
Dr. A. Rosenblueth: Chemical Mediation of Nervous Effects. 
Dr. J. B. Ayer: The Use of Prostigmin in Myasthenia Gravis. 
Dr. H. Davis: The Electrical Activity of the Human Brain. 
Drs. F. A. Gibbs and W. G. Lennox: The Electrical Activity of the Brain 
Epilepsy. 
Dr. S. Cobb: Cerebral Circulation. 
Dr. S. Weiss: Syncope and Collapse. 
Dr. T. J. Putnam: The Pathogenesis of Multiple Sclerosis. 


il 
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DETROIT SOCIETY OF NEUROLOGY AND PSYCHIATRY 
Regular Meeting, Sept. 17, 1936 


Martin H. Horrman, M.D., in the Chair 


The first meeting of the Detroit Society of Neurology and Psychiatry for the 
year 1936-1937 was held at Ann Arbor, Mich., on Sept. 17, 1936, under the auspices 
of the members at Ann Arbor. 

Tribute was paid to the late Dr. Albert M. Barrett, founder of the Detroit 
Society of Neurology and Psychiatry. During the unveiling of his portrait the 
members stood silent in reverence for their late colleague. The scientific program 
followed a dinner at the Michigan Union. 


SURGICAL TREATMENT OF HYPERTENSION. Dr. MAx Peet, Ann Arbor, Mich. 


A sufficient number of patients with hypertension have been operated on and 
their subsequent histories studied for a sufficient time to warrant continuation 
of the surgical procedure. While no claims are made which even suggest that 
operation should be performed on all patients, the results have been encouraging; 
I think that surgical intervention offers much more than does medical treatment. 
The basis for this new therapy is largely theoretical but is founded on experimental 
evidence. It has been shown that stimulation of the splanchnic nerves causes 
a rise in the systemic blood pressure while reducing the pressure in the glomerulus, 
owing to contraction of the renal vessels, and that this is followed by impairment 
of renal function. A similar result is obtained by placing metal bands about the 
renal arteries. In Goldblatt’s experiments on dogs similar constriction of the 
renal arteries produced hypertension exactly comparable with that observed in 
man. Similar constriction of other vessels in the body did not cause changes in 
blood pressure. Further, Goldblatt showed that hypertension results from con- 
striction of the renal vessels even though one adrenal gland has been removed 
and the medulla of the other reamed. This is conclusive evidence that the adrenal 
gland is not a factor. It is my theory that hypertension is due to a fault in the 
sympathetic nervous system. The nature of this is not known, but the lesion is 
probably located in the region of the third ventricle and is inherited in a large 
proportion of cases. The lesion manifests itself by hyperresponsiveness of the 
sympathetic nervous system to normal stimuli, these responses being manifested 
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principally by vasoconstriction of the renal vessels. Such stimuli are constantly 
received by the sympathetic nervous system both from within and from without 
the body. 

Hypertension can thus be likened to Raynaud’s disease. In the latter hyper- 
sensitiveness of the sympathetic system results in local vasomotor spasm of the 
vessels of the extremities. I believe that vasoconstriction of the splanchnic vessels 
results in diminished blood supply to the renal tissue and the production, or at 
least the absorption, of an unknown pressor substance which produces hypertension. 
It has been shown experimentally that such a substance is absorbed from devital- 
ized renal tissue. I believe that the impairment of renal function commonly 
associated with hypertension is the result and not the cause of the hypertension. 
Many patients with hypertension show no evidence of impaired renal function 
for long periods. This, however, does not preclude the possibility of absorption 
of a pressor substance from the kidney the blood supply of which has been dimin- 
ished, though not to the point of producing the gross changes measured by present 
tests. 

The operation consists in resection of the greater and the lesser splanchnic 
nerve and the tenth, eleventh and twelfth thoracic ganglia on each side. Operation 
was performed on about 250 patients by this method. There was an operative 
mortality of about 4 per cent, and the condition of about 10 per cent of the patients 
was not improved. An additional group received some symptomatic relief but 
were not otherwise benefited. In about 70 per cent there was worth-while 
improvement, although this did not necessarily mean a marked drop in pressure. 
In about 50 per cent a drop in pressure of 50 points or more was maintained, 
with complete absence of all previous symptoms. Fifteen per cent of the patients 
were designated as tentatively cured. All these persons have lived for at least six 
months after operation, with maintenance of normal blood pressure, return to 
normal renal function and complete disappearance of all ocular findings. They 
have also returned to their original occupations. While these results are not all 
that one may hope for, they are much better than can be obtained with purely 
medical treatment. Thirty-five per cent of the patients who were previously 
incapacitated have been able to return to work. The operation is recommended 
in the case of patients under 50 years of age in whom the nonprotein nitrogen 
content of the blood is not above high normal or who do not have cardiac decom- 
pensation. These are the only contraindications which have been found. The 
degree and duration of hypertension and the evidences of severe renal damage, such 
as marked reduction in the concentrative ability or in urea clearance, are apparently 
of no significance in the final results. Some of my patients have shown choking 
of the optic disks, with severe retinal hemorrhages, cotton-wool patches and 
exudates—in other words, the picture of advanced malignant hypertension—and 
after operation there has been complete disappearance of all pathologic ocular 
findings. 

The longest postoperative course was three years. The patient was bedridden 
and had choked disks of from 4 to 5 diopters, with severe retinal hemorrhages. He 
had had convulsions, severe headaches, marked loss in weight, with nausea and 
vomiting, and a blood pressure which varied from 230 to 270 systolic and was as 
high as 140 diastolic. There was marked impairment of renal function. Now, 
after three years, his blood pressure does not rise above 134 systolic and 78 diastolic. 
He is free from headaches. The renal function has returned to normal, and vision 
is also normal. The only indications of the preexisting hypertension are a few 
scars in the retina. 

Two types of hypertension are commonly mentioned in the literature—essential 
and malignant. There is probably no real distinction. Hypertension is usually 
called malignant when retinal hemorrhages, exudates and edema of the optic disks 
appear. Operation seems to be equally applicable in either phase of the condition. 

The results of the operative treatment of hypertension have been compiled only 
after a postoperative period of four months or longer. Most patients have shown 
a marked drop in pressure immediately after operation, but this has no significance. 
In some cases the blood pressure returned to its original level within a few days 
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after operation but later gradually fell until it reached a safe limit. This may 
take three or four months. Early reports are without value. : 

Hypertension can be compared with carcinoma. Both diseases are fatal unless 
they can be held in check. I consider that the results of surgical therapy for 
hypertension are more favorable than those of the surgical treatment for carcinoma. 


PATHOGENESIS OF MULTIPLE ScLerosts. Dr. Cart D. Camp, Ann Arbor, Mich. 

I have reviewed the records of cases of multiple sclerosis at the University 
Hospital, Ann Arbor, Mich., since 1907. These include 462 hospital cases and 
52 private cases. In early years the differential diagnosis was difficult because 
of the absence of serologic tests. In my opinion there is no difference between 
disseminated encephalomyelitis and acute multiple sclerosis. Hysteria and often 
tumor of the brain present difficulties in differential diagnosis. In 1905 it was 
thought that multiple sclerosis was a rare disease; however, this was more apparent 
than real, since many cases were overlooked. 

There are many theories as to the causes of multiple sclerosis. Dr. Spiller 
reported a case which occurred in a butcher after he had been locked in an ice- 
box and had nearly frozen to death. I reported a case in a woman whose auto- 
mobile had stuck in a snow-drift; she was nearly frozen to death. Carbon 
monoxide and lead poisoning have been suggested as causative factors in cases 
of multiple sclerosis. A careful review of the 500 cases in this series revealed no 
definite proof in any case of hereditary transference of the disease. In 8 cases 
the condition developed during pregnancy, and in 6, after childbirth. 

The disease occurred in patients between the ages of 15 and 50 years. There 
were no etiologic factors in the occupations of the patients. Spirochetes were not 
isolated. Although no special work was done on filtrable viruses, it is my belief 
that this disease is not due to an infectious agent. 

In the treatment of the disease, I have used small doses of solution of potassium 
arsenite and the elixir of iron, quinine and strychnine. This therapy has seemed 
to bring about remissions and definite improvement in many cases. There is a 
possibility that arsenic and quinine are of benefit because of their effect on the 
lipase of the circulating blood. It is well known that lipase is sensitive to arsenic 
and quinine. Large doses of quinine were used, without benefit. Diathermy was 
used in some cases, but there was no apparent improvement with this type of 
therapy. Thermotherapy was tried, and some patients seemed to improve with 
this measure; others were made worse, and in some the condition remained 
unchanged. It is my belief that fever therapy is without value for this disease. 
Injections of mercuric succinimide were used several years ago but most patients 
became worse with this treatment. 

There may be a psychic element. A serious mental conflict was present prior 
to the onset of the disease in a number of the cases. It is well known that during 
the course of the disease any emotional conflict seems to bring about aggravation 
of the symptoms. 


Two Years’ ExperiIENCE IN GENERAL HospitaAL PSYCHIATRIC PRACTICE: REVIEW 
oF 2,500 Cases. Dr. Ropert Dieterte, Ann Arbor, Mich. 

The cases studied represent 4,010 interviews including contacts with the 
patients, their relatives and others interested in the social welfare of the patient. 
The service started humbly, with hospital patients referred for consultation. The 
need for such a service was immediately recognized, and the number of patients 
rapidly increased. At first I attempted to see all the patients alone. Later an 
associate and I held from 150 to 300 interviews a month, the number depending 
on the population of the hospital. Sixty-five per cent of all patients were suffering 
from a neurosis or a psychoneurosis. In the cases of neurosis and psychoneurosis 
differentiation was made between the nuclear neuroses and the marginal neuroses, 
it being recognized that the nuclear neuroses represent more deeply ingrained con- 
flicts, which require more concentrated and persistent psychiatric effort than the 
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marginal neuroses. In 17 per cent of the cases there were psychotic disorders of 
either organic or functional origin. The type of disturbances made necessary 
reorganization in psychiatric thinking. 

Forty per cent of the patients with neuroses were referred from the medical 
department. Polyneurotic syndromes were in evidence, and many questions difficult 
to answer originated from the material. Other patients with psychoneuroses were 
referred from the department of neurology. Strangely, few were referred from 
the department of genito-urinary diseases, which should have been a rich source 
of supply for cases of true sexual neurosis. The department of gynecological 
diseases did not hesitate to seek assistance from this psychiatric service. The 
general practitioner, if properly trained, can be of assistance in treating certain 
types of gastric neurosis. Because time was limited, expedient measures were often 
utilized. However, it is my belief that many patients can be benefited materially 
by one hour’s visit to the psychiatrist. Many fascinating museum conditions— 
manifestations of hysterical and religious conversion—were studied. The psy- 
chiatrist can be of help to the internist by explaining these mechanisms, and 
conversely, in certain constitutional conditions, the internist can be of assistance 
to the psychiatrist. , 

Observation of patients with essential arterial hypertension revealed that their 
reactions are decidedly of the infantile neurotic type. Anxieties of severe degree 
characterized the cases of essential hypertension. 

Certain nuclear psychoneuroses necessitated reaching the depths by analysis to 
bring about cessation of the neurotic symptoms. However, the time required for this 
type of treatment precluded its use. Psychoanalysis was resorted to in the case 
of a girl, the psychocatharsis extending over from three to four months and 
bringing about the cessation of neurotic vomiting. 

Phrenocardia, also associated with intense anxiety, is a neurosis. It has a 
relation to coitus interruptus. It is my opinion that sane sexuality cures phreno- 
cardias in many cases. The chronological age of the patient has nothing to do with 
his personality age. Most of the patients revealed psychic infantilism—an unwill- 
ingness to grow up. 


NEW YORK NEUROLOGICAL SOCIETY 
Regular Meeting, Oct. 6, 1936 


Tuomas Kk. Davis, M.D., President, in the Chair 


PRESIDENTS AppDRESS: THE ARRIVAL OF NeuroLtocy. Dr. Tuomas K. Davis. 


This article is not abstracted. 


CoMPULSIVE FEATURES IN A PATIENT WITH LesBer’s DiseEAse. Dr. FRANK J. 
CURRAN. 

The chief characteristics of Leber’s disease are rapid loss of vision, usually 
beginning at puberty (or, in women, at the menopause), contraction of the visual 
fields and central scotomas. There is primary atrophy of the optic nerve, but the 
appearance of the disks is not distinctive. Occasionally slight improvement follows 
the primary loss of vision, and then the disease remains stationary, even for fifty 
or sixty years. Males are usually involved, although the disease is mainly trans- 
mitted through females. Consanguinity does not play a role. Some authors have 
expressed the belief that the disease is due to a defect in the region of the sella 
turcica. The cause is unknown. Treatment is of no avail. 

Usually the ocular signs are the only symptoms, but occasionally headache 
(often of migrainous type), vertigo, epilepsy and mental defectiveness are reported. 

A woman with the classic symptoms of Leber’s disease has a brother with the 
same affliction. Two male cousins (on the maternal side) are said to have a similar 
condition of the eyes. In addition, the patient presents compulsive features, feeling 


700 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


compelled to perform acts repeatedly, to the practical exclusion of all other 
things. With psychotherapy the neurotic symptoms have diminished. Her brother 
is free from neurotic symptoms. The rare combination of a compulsive neurosis 
with Leber’s disease is emphasized. 

DISCUSSION 

Dr. Wess W. Weeks (by invitation): I was impressed with the mass of 
material from the medical literature that Dr. Curran has studied to obtain the 
essentials of this condition. As regards the case reported, iridocyclitis in the 
right eye might account for an accumulation on the posterior capsule of the lens; 
the nutrition of the lens would be interfered with, and thus a type of posterior 
polar cataract would develop. The pain which the patient felt along the right 
side of the head can be explained partly by secondary glaucoma accentuated by 
congestion. 

I think the best way to open the discussion is to review the ocular symptoms 
as they occurred last week in a case at the New York Eye and Ear Infirmary, 
A man now aged 40, on awakening one morning in his sixteenth year, complained 
of blurred vision. On covering first one eye and then the other, he found that 
vision was hazy. In two months the haze developed to such an extent that central 
vision was black. This has remained constant to date. He has had no other 
symptoms. All laboratory reports have been without significance. There is no 
history of overindulgence in alcohol or tobacco. Tobacco or alcohol amblyopia 
presents similar symptoms. <A brother of this patient, an uncle and two maternal 
aunts have a similar condition. Vision in each eye was 3/200. The visual fields 
were contracted. The central seotoma was absolute—extending to 8 degrees on 
one side and 23 degrees on the other. An interesting sign in this case was 
nystagmus. In looking at an object the eyes would shift to obtain all the points 
of the object ; on ophthalmoscopic examination this movement of the eyes impressed 
one as rotary nystagmus. In this case corneal sensitiveness was diminished. The 
pupils were somewhat dilated. The optic disks were bluish white and had sharp 
margins. The retinal arteries seemed somewhat narrow. The rest of the fundus 
was normal. In respect to sex, character of onset, age of occurrence and ocular 
symptoms, such a condition corresponds with that described as hereditary atrophy 
of the optic nerve. One rarely sees the beginning of the condition, when there are 
edema and hemorrhages or new-formed blood vessels on the optic disk. Such 
evidence would point to a condition well down in the nerve, near the nerve head— 
a process producing obstruction of the retinal vessels. Usually hereditary atrophy 
of the optic nerve is seen in the stage of atrophy. 

In considering the etiologic possibilities in this condition, the pathologic changes 
themselves are not helpful. I cannot but think that these changes occur at a 
time of life when tissue alterations are profound throughout the body and that 
if there is an inherited tendency toward incomplete development of tissue, degenera- 
tion sets in and the cells die. The cells are the ganglion cells of the retina; then 
the picture of ascending instead of descending atrophy of the optic nerve appears. 
Many reports state there is an outside influence, such as enlargement of the 
sphenoid bone or of the pituitary body. Enlargement of the pituitary body, 
however, produces signs of hemianopia. These expanding lesions cause pressure 
effects on the vulnerable papillomacular bundle of nerve fibers, but there is likely 
to be peripheral nerve pressure as well, giving contraction of the visual fields, even 
before the central scotoma develops. 

Dr. GeorceE H. Hystop: Does the literature give any information bearing 
on the possible duration of visual impairment preceding the sudden appearance 
of the central scotoma? Is there any indication that the disease may precede for 
several months the symptoms which lead the patient to become aware of its 
presence? In view of the fact that this is a constitutional hereditary disease, I 
think it is strange to conceive of such a condition as appearing with volcanic 
onset within a few hours in a retina and nerve head that were previously normal. 


Dr. FRANK J. Curran: I can say only that the literature stresses the dramatic 
onset of the visual disturbance in all patients. *In the case of my patient’s brother, 
I tried to emphasize that by showing that in the afternoon he saw a movie 
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perfectly and in the evening, suddenly in the middle of the movie, he noticed 
blurring of vision. The sister had been normal, except for a questionable history of 
a cold several days before onset. She awoke one morning and noticed that her 
yision was blurred. This became more marked in the next few weeks. It has 
been reported that there is sometimes a gradually progressive visual disturbance 
for several months, but in these two cases the onset was sudden. 

Dr. G. H. Hystorp: Is there no change in peripheral vision, in addition to a 
central scotoma’ Is there evidence in the occupation or daily routine of persons 
with this disease that there has been any gradual impairment of vision which has 
not been noticed but which might be revealed by adequate questioning ? 

Dr. F. J. Curran: No, the literature stresses the sudden visual change. 

Dr. Wess W. Weeks: I have not seen any reports which would show that 
persons have been studied who were known to have a family history of hereditary 
atrophy of the optic nerve. 

Dr. F. J. CuRRAN: I remember reading the reports of one or two cases in 
which there were five or six members in a family with the disease. The illness 
progressed in a family in which the children grew to 16 or 17 years of age. In 
those cases nothing particular was stressed, except that when the patients were 
examined one year vision was normal and the next year the illness began with an 
acute onset. 


CEREBRAL APOPLEXY: Two CAsSEs OF RECOVERY FOLLOWING SURGICAL INTERVEN- 
TION. Dr. ABRAHAM KAPLAN. 


Case 1—A housewife aged 60 was first seen at the Mount Sinai Hospital on 
May 28, 1935, in a stuporous condition. Eight days after her admission she became 
ill suddenly, with severe headache in the frontal region and vomiting. The next 
day she felt recovered and was well for a week. 

On the morning of her admission to the hospital she was again seized with a 
violent headache, accompanied by extreme nausea. Late that afternoon she could 
not be roused. There followed periods of stupor and alertness. During lucid 
intervals she complained of pain in the back of the neck and diplopia. Speech 
became thick and unintelligible. 

On examination the patient was in stupor. The lips were dry and cyanotic. 
No abnormalities were detected in the heart or lungs. The temperature was 
101.6 F., the pulse rate 120 and the blood pressure 140 systolic and 80 diastolic. 
The neck was stiff, and a Kernig sign was present on both sides. The margins of 
the disks were slightly indistinct. There was no motor or sensory disturbance. 
All deep reflexes were sluggish; the Babinski sign was doubtful on both sides. 

Examination of the urine showed a faint trace of albumin. The Wassermann 
reaction of the blood was negative; the sugar content of the blood was 170 mg. 
per hundred cubic centimeters, and the urea nitrogen content, 10 mg. The spinal 
fluid was under a pressure of 230 mm. of water. It was crystal clear and con- 
tained 40 cells per cubic millimeter, all of which were lymphocytes. 

On June 1 bilateral trephination was performed. The dura was under tension. 
There was no evidence of a subdural hematoma. When a ventricle needle was 
inserted into the right hemisphere, to a depth of 5 cm., about 15 cc. of dark blood 
mixed with ventricular fluid escaped. 

Twenty-four hours later the patient was sufficiently alert to recognize visitors. 
Lumbar puncture vielded uniformly bloody fluid, under a pressure of 160 mm. ef 
water. By the end of two weeks she was out of bed and was discharged shortly 
after. 

During the next sixteen months the patient remained free from symptoms and 
has shown no abnormal neurologic signs. 

Case 2.—A woman aged 57, a domestic, came to the Mount Sinai Hospital 
on July 12, 1935, complaining of violent headaches. For many years there had 
been an intermittent purulent discharge from the right ear, accompanied by 
gradual impairment in hearing. One week before her admission she was 
awakened by a bursting sensation on the right side of the head. Headache was 
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severe, and she vomited several times; for several days she felt dizzy. On the 
morning of her admission to the hospital she was again seized with a violent spell 
of headache; she felt dizzy and was brought to the hospital for observation. 

On her admission there was a slight tendency to turn the head to the right, and 
slight horizontal nystagmus was noted. The temperature was 99.8 F., the pulse 
rate 78 and the blood pressure 145 systolic and 100 diastolic. 

Examination of the urine showed a slight trace of albumin and an occasional 
leukocyte. The white blood cells numbered 12,000, with 70 per cent neutrophils 
and 26 per cent lymphocytes; the Wassermann reaction of the blood was negative, 

Four days after her admission there suddenly developed leit hemiplegia, stiffness 
of the neck and clouding of the sensorium, and the patient became increasingly 
stuporous. 

The spinal fluid was under normal pressure; it was clear and colorless and 
contained only 2 leukocytes per cubic millimeter. The Wassermann and colloidal 
gold reactions were negative. The total protein content was 77 mg. per hundred 
cubic centimeters. 

The right pupil was larger than the left. The neck was stiff, but there was 
no Kernig sign. The fundi showed retinal sclerosis but were otherwise normal. 
Weakness of the left side of the face was slight. Hemiplegia was complete on 
the left, and there was impairment of sensation on that side. The deep reflexes 
were more active on the left; the abdominal reflexes could not be elicited on that 
side, and there was no Babinski sign. 

On July 19, through a trephine opening over the left postparietal region, 20 cc. 
of clear fluid was obtained from the body of the left ventricle, and 15 cc. of air 
was replaced. Roentgen films showed absence of air in’ the neighborhood of the 
right ventricle. The left ventricle was moderately dilated and displaced to the 
left. 

Exploration of the right hemisphere through a trephine opening was performed, 
and 60 cc. of old, dark blood with degenerated brain tissue was aspirated. 

Within two days after this procedure the patient became more _ responsive. 
Improvement was steady. She was discharged from the hospital a month after 
the operation, at which time she had slight residual paresis. The blood pressure 
was 112 systolic and 75 diastolic. It is now fifteen months since the operation. The 
paresis has disappeared completely, and the patient is back at her usual duties. 
The only residual disability is left homonymous hemianopia. 

DISCUSSION 

Dr. IsrAEL Strauss: Dr. Kaplan has placed before the society a proposition 
which deserves serious consideration; it is, however, one which was presented to 
this society twenty-five years ago, if not longer, by Dr. Alfred S. Taylor, who 
proposed operative intervention in cases of cerebral hemorrhage. Dr. Kaplan 
has been in communication with Dr. Taylor, but Dr. Taylor did not publish any 
paper. I do not know whether the proceedings of this society in those days 
were complete enough to record the expression of opinion which Dr. Taylor’s 
thesis met. I recall going to the Hospital for the Ruptured and Crippled and 
seeing Dr. Taylor perform operation on a Negress for cerebral hemorrhage, in 
which he removed a considerable amount of blood from the hemisphere. I do not 
recall exactly at this time the result of the procedure. I recollect distinctly the 
attitude of the neurologists at that time. All had seen patients with a condition 
diagnosed as cerebral hemorrhage who recovered completely or partially if left 
alone or if treated with supportive measures. In those days the older neurologists 
of the society recognized also that some patients with cerebral hemorrhage die 
within a few hours, or within a day or two, and they could not see therefore 
how operative intervention could help. 

The difficulty at that time was to distinguish between conditions which might 
end in recovery without operative intervention and those that could be helped 
by operation. To my knowledge, nothing further along this line has been con- 
sidered by the society until this presentation. It may be that there have been cases 
in this city in which operation was performed, but I do not know of them nor 
have they been reported, at least before this society. It is to be noted that in the 
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first case in which there was operation a diagnosis of subdural hematoma was 
made, very properly. It is the custom at the Mount Sinai Hospital not to 
perform ventriculography in such cases, even when one is not certain of the diag- 
nosis. Trephination revealed nothing, but Dr. Kaplan had the courage to perform 
aspiration on the brain because of the serious condition of the patient and encoun- 
tered a localized collection of blood within a ventricle. Had it been a case in which 
the ventricular hemorrhage involved the whole ventricular system and the blood 
appeared in the spinal fluid, as Dr. Kaplan stated, no operative intervention would 
have been undertaken. 

The second case was one in which there was difference of opinion as to the 
nature of the lesion, owing to the history of infection of the ear. The sudden 
onset of hemiparesis led to the use of ventriculography, which showed distinctly 
the presence of an expanding lesion that required intervention. The change in this 
patient, whom I observed after the aspiration, was dramatic; the woman today is 
practically well, except for persistent hemianopia. 

Since Dr. Kaplan’s experience in these two cases I have come to believe that 
operation is indicated in cases of cerebral hemorrhage in which the patient remains 
in stupor for forty-eight hours and there are signs of advancing involvement of 
the brain. As much blood as possible may be removed; one is really decom- 
pressing the brain and removing a foreign body. I believe that is the only way 
one can save patients with cerebral hemorrhage—not only save their lives but 
materially lessen the after-effects. Given a person with a hemorrhage in the 
brain of less serious nature, I believe that the neurologist may await the issue 
without operative intervention when there is no progressive diminution of con- 
sciousness, even if there is hemiplegia or hemiparesis. Some one may say that 
even in such a case, in which localization is certain, one may by operation facilitate 
recovery and, at the same time, lessen the danger of residual defects from cerebral 
involvement. That is true, but the only way one can find out whether the state- 
ment will hold for such cases is to permit the surgeon to intervene in a number 
of instances and study the results. 

Dr. IRA ConEN: Dr. Kaplan has presented a topic which opens for discussion 
a means of therapy that may have a wide or a limited application. Dr. Kaplan 
himself and the men whom he has cited have had a limited experience with this 
condition and have yet to determine the indications for operation. Dr. Strauss has 
tried to express them. It will be largely a matter of trial and error until one 
defines more carefully which patients should be handed over to the neurosurgeon 
and which should not. It is of interest to note that in the cases which Penfield 
reported (Penfield, W.: Canadian M. A. J. 28:369 [April] 1933) and in those 
reported from the Mayo Clinic (Craig, W. McK., and Adson, A. W.: Spontaneous 
Intracerebral Hemorrhage: Etiology and Surgical Treatment, Arco. Neuroy. & 
Psycutat. 35:701 [April] 1936), the encapsulated blood was clotted. In the cases 
reported by Dr. Kaplan the blood was fluid. I shall describe briefly the case of 
a woman aged 40, now under my care, who is known to have had hypertension for 
a year. Two weeks before I saw her there suddenly developed hemiplegia without 
loss of consciousness, and in the subsequent two weeks she exhibited periods of 
stupor, which gradually increased, and finally, bradycardia, periods of apnea and 
an early stage of papilledema. I explored the brain ten days ago and through 
a trephine opening located a collection of fluid blood, which I withdrew. Inciden- 
tally, before I saw her the spinal fluid was clear; since the operation it has 
remained bloody, although it has become less so. This patient presents well one 
indication, that is, a progressive picture of increasing intracranial pressure. I 
think if one takes that indication for the time being and perhaps gradually adds 
others, as Dr. Strauss suggested, in an effort to avoid or prevent some late sequelae, 
one will find a common ground on which the neurologist, the internist and the 
neurosurgeon may work together for the benefit of the patient. 

Dr. Joon E. Scarrr: Two years ago there was admitted to Dr. Foster 
Kennedy's service at the Bellevue Hospital a visiting missionary from Tibet who, 
while speaking in a church in Brooklyn, suddenly became completely aphasic and 
slightly hemiparetic. He was brought to the Bellevue Hospital. A diagnosis of 
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localized “apoplexy” was made by Dr. Kennedy. A certain period was allowed 
to elapse for the blood to become liquefied, and then a simple trephine operation 
with exploratory puncture into the temporal lobe was performed. About 30 or 
40 cc. of liquefied blood was aspirated through the needle. The patient recovered 
completely from the aphasia and is now conducting a “health sanitarium” jn 
Florida. 

Dr. Kaplan has performed a real service in bringing up this matter again, | 
am certain that some patients who die of “apoplexy” each year might be restored 
to health by surgical intervention, as was done in the case I have described and in 
the cases of Dr. Kaplan. 

Dr. ABRAHAM KapLan: I am grateful to Dr. Strauss, Dr. Cohen and Dr. 
Scarff for their discussion. It is significant to bring before the society the fact 
that one of its members, Dr. Alfred Taylor, about twenty-five or thirty years 
ago, was in favor of aspirating intracerebral clots. Regarding the patient to whom 
Dr. Strauss referred, the Negro girl at the Hospital for the Ruptured and Crippled: 
I have a follow-up note in one of Dr. Taylor’s letters in which he said: “I saw 
her in 1935, and she showed only a moderate degree of spasticity and seemed to be 
well in every other way.” At the time he brought this problem before the society 
he encountered considerable criticism; he wrote: “There were younger men in 
those days, and they said: ‘If we propose such treatment to the family of a patient 
with apoplexy, they will say we are crazy, and the doctor a fool for suggesting 
it’. Dr. Taylor is of much the same opinion as Dr. Strauss—that perhaps earlier 
operative intervention will salvage the surrounding brain tissue. In Dr. Taylor's 
last letter he wrote: “I believe operative intervention in selected cases of cerebral 
apoplexy has a great field, and I hope the neurologists and general practitioners who 
first see the patients will at least have consultation sufficiently early to allow 
patients with appropriate conditions the best opportunity for all the benefit that 
operation can give.” 


GRASPING AND SUCKING. Dr. [RVING BIEBER. 

The relation of forced grasping to lesions of the frontal lobe has been established. 
Unfortunately, the terms grasping and “forced” grasping have been used inter- 
changeably. Confusion has resulted because grasping, whenever seen, was con- 
sidered significant of lesions of the frontal lobe. The present study was undertaken 
with a view toward clarification of the relation between “forced” grasping and 
types of grasping which were not “forced.” In order to do this it was found 
necessary to investigate the biologic significance of grasping, as well as that of 
sucking, which is closely related. 

Grasping in Adult Patients—According to clinicopathologic criteria, forms of 
grasping and groping may be separated into two main groups, which I shall 
designate as (A) the localized group and (B) the diffuse group. 

A. The Localized Group: This group is characterized clinically by forced 
grasping and pathologically by well defined lesions in the frontal lobe. The group 
presents the following three kinds of features: 1. Character of the grasp: (a) 
Presence of tonic innervation. Muscles presenting this type of tone manifest con- 
stant sensitivity to stretch. An attempt to stretch such a muscle passively meets with 
a reflex resistance (stretch reflex) throughout the entire extent of the movement. 
This reflex is fairly constant and varies little from hour to hour, or even from 
day to day. It may be present in the muscles of both limbs opposite the side of the 
lesion, usually more so in the upper extremity, but is always to be found in the 
flexor muscles of the hand when localized forced grasping is present. It is directly 
responsible for the next clinical characteristic. 

(b) Difficulty with relaxation of the grasp. Bieber and Fulton (Preliminary 
communication in Am. J. Physiol. 105:7, 1933), by anesthetization of the hand with 
procaine hydrochloride and by deafferentation in monkeys with lesions of the pre- 
motor area, and Walshe and Robertson (Brain 56:40, 1933), in human subjects, 
demonstrated that this difficulty occurs only when the flexor muscles of the upper 
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limb are put on stretch. If such stretch is imposed, the patient either cannot 
release the object or cannot do it with ease. 

(c) Unilaterality of the grasp. Forced grasping is usually present only in 
the contralateral limb. 

2. The mental state: Generally, in uncomplicated conditions the consciousness 
js clear; comprehension is good, and the patient is anxious to cooperate. 

3. Sucking response: Although opening of the mouth may be obtained, out- 
spoken sucking is not usually observed in cases in this group. 

B. The Diffuse Group: This group is characterized pathologically by diffuse 
lesions (encephalitides and encephalopathies fall here) and clinically by the follow- 
ing three kinds of features: 1. Character of the grasp: (@) Grasping can almost 
always be elicited bilaterally, although it is frequently more pronounced in one 
hand; in right-handed persons it is usually in the right hand. (b) The patients are 
able to relax their grasp on command if the state of consciousness permits an under- 
standing of the command. The relaxation is prompt and is accomplished with 
ease. (c) The tone in the patients is constantly changing and stands in contrast 
to the relative stability of tonic innervation seen in patients with the localized type. 
Grasping usually occurs during the phases of flexor tonus. 

2. Mental changes: In patients with the diffuse type the mental changes are 
usually pronounced; consciousness shows varying degrees of clouding; perception 
is inaccurate and incomplete, and memory is defective. 

3. Sucking response: Some form of increased activity of the mouth is usually 
present, varying from opening the mouth to well pronounced sucking. 

Grasping of the New-Born.—Grasping is difficult to evaluate in the new-born. 
When the infant is asleep, it cannot be elicited. On his awakening or when awake, 
the limbs are usually in fairly constant motion. Contact with the palm of the hand 
frequently results in grasping; the hand soon relaxes, however, and the fingers 
again take part in the movements of the limbs. However, under two conditions 
the grasp can be easily elicited and well maintained: (1) when tension is made 
on the muscles of the upper limb and (2) when the infant is sucking. Grasping 
is thus observed to be in relation to the mechanisms for support and to the function 
of sucking or eating. 

Sucking in the New-Born—Within the first few days of life the receptor 
zone for the sucking response is established and includes, in the order of their 
receptivity: (1) the tongue and the mucous membranes, (2) the center of the lips, 
(3) the angles of the mouth, (4) the chin and (5) the cheeks. The response itself 
develops to include pouting the lips, opening the mouth, directing the mouth to the 
stimulus and actual sucking. Sucking and grasping are most pronounced before 
feeding. After the child has nursed these cannot be elicited, or can be obtained 
only in fragmentary form. 

Sucking in Adult Patients—Sucking seen pathologically in adults resembles 
closely the infantile form. In some cases the responses are indistinguishable, pre- 
senting opening the mouth, protruding the tongue, following the stimulus with 
the head and actual sucking of the object. The relative threshold values for the 
various portions of the receptor field are identical. In other patients, however, the 
complete reaction is not developed. These patients, when presented with an object, 
open the mouth to receive it but make no attempt to suck on it. The character of 
the response may vary in the same patient from time to time, so that at one time 
opening the mouth alone can be elicited, and at another the full response. Opening 
the mouth represents a phase in the development of the sucking reflex. 

In general, patients in whom sucking and its component parts appear may be 
divided into two groups, which are much the same as those for grasping reflexes, 
i. @., persons with relatively localized and persons with diffuse lesions. The first 
class is made up of patients with aphasia in whom the clinical evidence points to 
fairly well localized lesions. These persons show the response of opening the 
mouth—some even well developed sucking. 
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' The patients who comprise the group with diffuse lesions present the same 
picture as persons in the diffuse grasping group. Sucking in this group is well 
developed and is almost always accompanied by grasping. 

Relation of Grasping and Sucking—That sucking and grasping may occur jn 
the same patient has long been known (Schuster, P., and Pinéas, H.: Deutsche 
Ztschr. f. Nervenh. 91:16, 1926). As far as I am aware, however, the influence 
of sucking on grasping and of grasping on sucking has not been described. Freud 
(Three Contributions to the Theory of Sex, translated by A. A. Brill, Nervous 
and Mental Disease Monograph Series, no. 7, Washington, D. C., Nervous and 
Mental Disease Publishing Company, 1930, p. 41) mentioned the temporal con- 
currence of grasping and sucking but did not elucidate it. It has already been 
mentioned that in the new-born sucking facilitates and enhances grasping, and to 
a lesser degree the converse prevails. Both these relations exist similarly in 
adult patients. 

Significance of the Return of Grasping and Sucking.—Grasping and sucking 
are the first and basic functions of the hand and the mouth. Grasping serves 
initially for support. With the onset of hand to mouth activity, grasping serves 
also for the approximation of organism and object. As the organization of the 
central nervous system oi man proceeds, the function of support is relegated largely 
to the lower limbs and the axial musculature, and the hands are freed for other 
activity. Grasping is no longer the response of the hand, or sucking of the mouth, 
to every stimulus of these parts; these responses have become inhibited in the 
process of organization. Grasping reappears pathologically in the adult when 
posture cannot be mediated by the normal mechanism, so that the hands must be 
recalled to assume their supportive role, or when there is disintegration of the 
central nervous system. Illustrative of the influence of interference with the 
normal mechanisms of support is the case of a patient afflicted with paralysis 
agitans, who grasped during retropulsion to keep herself from falling. In the 
sitting position no grasp could be elicited. Rabiner’s report of a case of grasping in 
a “panic state” (Significance of Panic and States of Consciousness in Grasping 
Movements, ArcH. Nevurot. & Psycutat. 33:976 [May] 1935) illustrates a 
similar physiologic mechanism. The patient grasped when he felt he was fainting. 
This sensation of loss of support associated with anxiety, caused probably by 
vestibular stimulation, resulted in the recalling of grasping as a means of support. 
Though it is not my purpose in this paper to discuss the function of the premotor 
area, no mention of the highest organization of the central nervous system can 
exclude it. Since grasping returns on its removal and, as Fulton and Jacobson 
have shown (Advances in Modern Biology, 1933, vol. 4, pp. 113-123), the pattern 
of complicated activity is lost in its absence (in addition to all that has been 
observed clinically), the premotor area must be an essential, if not the essential, 
area in the organization of activity. It is for this reason that even in patients with 
relatively localized lesions of this area the so-called mental changes are always 
present, giving evidence of a changed state of psychosomatic integration. 

The return of sucking also represents an altered state of organization. The 
area involved in the organization of speech is one that in its development aids in 
the inhibition of sucking. When this area is diseased, as in patients in the 
localized group, one frequently observes aphasia and sucking, or its equivalent, 
opening the mouth. The more complete the disorganization the more nearly does 
the sucking in the adult approximate its basic infantile level. 

Conclusions —1. Grasping can be considered as significant of lesions of the 
frontal lobe when (a) the grasp is unilateral, (b) tonic innervation is present, and 
(c) the grasp cannot be relaxed on command without difficulty in a patient who 
clearly understands the command. 

2. Grasping and sucking are reciprocally related in the new-born. This relation 
is the expression of the anatomicophysiologic connections between the hand and 
the mouth. 

3. When grasping and sucking reappear in pathologic states this relationship 
is again to be observed. 
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4, The biologic function of grasping is support; after hand to mouth activity 
has become established, it also serves for the approximation of organism and 
object. 

DISCUSSION 

Dr. IsrAEL S. WECHSLER: Papers such as this emphasize what is becoming 
more and more evident—that clinical neurologists must pay more attention to 
neurophysiology, a great deal more, in fact, than in the past. Dr. Bieber’s differ- 
entiation between forced grasping as a localizing sign and general grasping is, 
I think, important. The first is definitely a premotor sign and must conform to 
the criteria laid down by Walshe and Robertson (Brain 56:40, 1933), and Fulton 
(Forged Grasping and Groping in Relation to the Syndrome of the Premotor Area, 
Arcu. Neuro. & Psycnurat. 31:221 [Feb.] 1934) and Richter and Hines (Am. J. 
Physiol. 101:87, 1932) and now by Bieber. The subject of general grasping raises 
ideas, some of which date back many years. It was long before close attention 
began to be paid to the clinical signs of decerebration that I saw in a patient who 
showed both grasping and sucking. Not knowing at that time that sucking might 
have special significance, I could not correlate it with other findings and did not 
make a localizing diagnosis. At autopsy a tumor of the interbrain was observed. 
That lingered in my mind, although I could offer no explanation. Then appeared 
the famous paper by S. A. K. Wilson on human decerebration, in which some 
points suggested explanations of what Dr. Bieber has mentioned, although not 
quite in the light of the present paper. It occurs to me now that sucking may 
be regarded as a decerebrate phenomenon. In effect, new-born children are 
actually “decerebrate,” in the sense that the cortex is not myelinated at first. 
Myelinization takes place only as the months roll on and is not completed even 
by the end of the first year. The last area to be myelinated is the cortex of the 
frontal lobe. Grasping, too, may have the significance of decerebration. Despite 
the fact that Wilson and Walshe (Brain 37:199, 1914) insisted years ago that 
decerebration is the result of the interruption only of pyramidal pathways, it is 
certain that section of the frontopontocerebellar fibers also has to do with it. 
Obviously, these are premotor fibers and constitute one of the several extra- 
pyramidal pathways. Proof that this pathway has to do with decerebration has 
been adduced experimentally by stimulation of the distal ends of the cut fibers in 
decerebrate animals. When these frontopontocerebellar fibers were stimulated, 
the extensor effect of decerebration was removed; in other words, the animal 
became flaccid and lost its standing posture. 

It is interesting that Dr. Bieber points to the fact that sucking occurs in asso- 
ciation with diffuse lesions of the brain. He mentioned dementia paralytica, 
alcoholism and other conditions. I may add that I have observed it on occasion in 
cases of the encephalitides. While encephalitis involves the interbrain and the 
midbrain, it not infrequently affects other parts of the brain, especially the cortex. 
In cases of delirium, in which probably the higher layers of the cortex are involved, 
one often sees groping and grasping, and one may occasionally observe sucking 
as well. Hence, I should say that reflex or “unconscious” sucking is a decerebrate 
phenomenon and that groping and grasping may also be regarded as manifestations 
of decerebration. This would fit in with the view that the frontal or premotor 
pathways have more to do with decerebration than the fibers of the pyramidal tract. 
In any case it is a fact that grasping does not occur when the fibers of the 
pyramidal tract alone are involved; certainly, groping and sucking do not. 

There is another thought, though speculative and not altogether relevant. I 
wish to raise the question whether the neuroses may not be regarded in a sense 
as phenomena of high cortical decerebration? In the paper by Wilson to which I 
alluded, he pointed out that many of the so-called classic signs of hysteria closely 
resemble the phenomena of decerebration. If one may use a figure of speech, one 
may say that the removal of cortical inhibitions in the neuroses, the usurpation 
by the unconscious of subcortically determined activities and the behavior of 
uncontrolled thalamically toned emotions all point to decerebration in the neuroses. 
In a true sense they may be regarded as forms of “mental apraxia.” 


Book Reviews 


Neurological Surgery. By Loyal Davis, M.S., M.D., Ph.D., D.Sc. Price, $6, 

Pp. 429. Philadelphia: Lea & Febiger, 1936. 

The reviewer of a book has a dual function. One is automatic in that, as 
one qualified to review, he must necessarily be in a field closely related to that 
of the author and so use his critical judgment. The other is that he must accept 
the instructions of the author as to the audience toward whom the book is 
directed and attempt to review it in that light. 

The purpose of this book by Dr. Davis is “to give to the practitioner of medi- 
cine easily assimilable facts which will aid him in giving his patient accurate and 
sound advice.” To this end it contains sections on diagnosis, craniocerebral injuries, 
intracranial tumors and abscesses, lesions of the skull, surgical lesions of the 
spinal cord and cranial and peripheral nerves, the surgical treatment of dis- 
turbances of the autonomic nervous system and of epileptiform seizures, and brief 
sections on cervical rib, syringomyelia, arteriovenous aneurysm, hydrocephalus, 
spina bifida and arachnoiditis. Perhaps the simplest method of review is to con- 
sider the work by chapter headings, bearing in mind the principles previously 
enunciated. This method is doubly indicated because of the considerable varia- 
tions in style and effort toward making the different sections acceptable. 

Chapter 1, on neurologic diagnosis, has not been carefully written. It is 
diffuse and poorly organized and jumps from one subject to another without pre- 
paring the mind of the reader for the change. Often a long description of a 
rather insignificant single detail is followed by a broadside of mere definitions 
of important phenomena, without any elaboration whatever. Tests for motor 
function (described under the misnomer “motion’) include many commonly used 
for coordination and would certainly be misinterpreted by an untrained person 
who followed the letter of the book. There are mistakes and omissions in 
headings. Thus, on page 24 there is a transition of subject-matter from a dis- 
cussion of reflexes to a correlation of all the preceding material on motor, sensory 
and reflex functions, without any indication of the change and with the page head- 
ings continuing to read “Reflexes.” Beginning on page 44, the same _ thing 
occurs after a paragraph on the cerebellum. When to these critcisms is added 
the fact that many neurologists will not be able to subscribe to some of the 
statements it must be said that this chapter does not subserve its function, for it 
will be confusing to the practitioner and disappointing to the neurologist. 

Chapter 2, on craniocerebral injuries, is in the main good. The author has 
tried to avoid dogmatism and has discussed most phases of this subject at some 
length. The chief criticism of the chapter is that it will leave the practitioner 
with somewhat more material than he may care to digest and without a sufficient 
number of clearly defined precepts. It might have been better to condense the 
information into a simpler and more concrete form. This same evaluation may 
be given of chapter 7, on injuries of the spinal cord. 

Chapter 3, on intracranial tumors, carries what is taken to be the predominant 
thesis of the book. Davis conscientiously sets out to demonstrate that tumors of 
the brain cannot be lumped as a whole and designated as “hopeless” but that the 
variety is great and the operative facility and life expectancy cover a wide range. 
In general he succeeds. Every type of neoplasm is discussed, and statistics from 
the author’s and from Cushing’s clinic are freely cited. The reader’s enjoyment, 
however, is somewhat lessened by further lapses in form. For example, on page 
82 a discussion of aphasia is unwarrantedly tacked onto a section headed “Occipital 
Lobe”; on page 84 a description of signs produced by cerebellar tumors ends, and 
totally different material begins unnoticed by the author, while the succeeding 
page continues to be headed “Cerebellum.” One might also wish that the four 
roentgenograms reproduced on page 128 contained sufficient photographic detail 
and subscription to be of value. 
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Chapter 4 is a good description of the forty-two cerebral abscesses of the 
the author’s series, and chapter 5, on surgical lesions of the skull, is of similar 
order. 

Chapter 6, on surgical lesions of the cranial nerves, is excellent. Some will 
disagree as to the emphasis placed on some parts and the lack of it on others, 
but within the limits of such an argument the good points inherent in the clear 
style and vigorous presentation far outweigh any adverse criticism. 

Chapter 8, on tumors of the spinal cord, adopts a somewhat different style, in 
that several case histories are described in some detail. The chapter, while chiefly 
a recitation of the author’s experiences, will suffice to direct the practitioner’s 
attention to the comparative frequency of these lesions and the ease with which 
they may be overlooked. A section on spinal arachnoiditis is included, though 
not strictly admissible under the heading “Tumors.” 

Chapter 9, on injuries of the peripheral nerves, is a fine contribution. At 
first glance it might seem to contain too much information. Practitioners, how- 
ever, usually feel that in these cases they cannot have too much information and 
are eager for it, especially when confronted with such problems in their own 
practices. 

Chapters 10 and 11, on the surgical treatment of pain and of the autonomic 
nervous system, are literally monographic in style. They dwell almost entirely 
on certain subdivisions of the large subjects they set out to describe in which 
the author has been personally interested and are without much practical value 
to the general practitioner. They are profuse in references, in contradistinction 
to the rest of the book, and the ardor of the investigator glows through their 
pages, though one is occasionally struck by statements such as that on page 344, 
in which the hope is entertained that a completely deafferented extremity may be 
reeducated for serviceable use. 

This reviewer feels that chapter 12, on the surgical treatment of epileptiform 
seizures, contains rather larger and more equivocally presented material than it 
should. The average physician in other fields will not feel any more guided as 
to his future conduct than before his perusal of this section. 

The remaining chapters discuss the subjects of cervical rib, syringomyelia, 
traumatic arteriovenous aneurysm, hydrocephalus, spina bifida and arachnoiditis 
briefly but generally adequately to the avowed scope of the book. 

In summary, the reviewer believes that the author’s thesis is admirable and 
agrees that evangelism on this subject is still badly needed. In practice, how- 
ever, the writer of the handbook type of guide for the general practitioner should 
keep the goal of simplicity of style, proper balance and arrangement of facts and 
the practical application of them ever before him. Sections of this book, notably 
those on the cranial and peripheral nerve, conform to these precepts. Regret- 
fully, it must be said the remainder does not. That the volume should hold 
much interest for the neurologist or neurosurgeon, except a personal one in Dr. 
Davis’ experiences and point of view, has not been anticipated by the author in 
his preface. 


Pathology of the Nervous System: A Student’s Introduction. By J. Henry 
Biggart, M.D. (Belfast) ; Pathologist to the Scottish Asylum’s Board; Neuro- 
pathologist to the Royal Infirmary, Edinburgh; Lecturer in Neuropathology, 
Edinburgh University; sometime Commonwealth Fellow in Pathology, the 
Johns Hopkins University School of Medicine, Baltimore. With a foreword 
by Prof. A. Murray Drennan, M.D., F.R.C.P. Price, $5.25. Pp. 335, with 
204 halftone illustrations. Baltimore, William Wood & Company, 1936. 


This volume is another addition to existing books on the pathology of the 
nervous system, three of which made their appearance in 1933, all in the United 
States. The purpose in writing the booklet was to acquaint beginners with the 
fundamentals of neuropathology. At best, it may be considered a short compend 
prepared by a general pathologist with whom neuropathology seems to be a side- 
issue. Dr. Biggart frequently stresses the relationship between the phenomena of 
general pathology and those of neuropathology, but it is questionable whether it 
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was necessary to write a special outline, for the basic facts of neuropathology are 
well covered in modern textbooks on general pathology. However, the compend 
is an improvement on previous English textbocks on the histopathology of the 
nervous system. The technical side (print, paper and illustrations) is excellent, 
but the price is out of proportion to the merits of the book. 


Plexos coroideos de los ventriculos laterales. By Dr. Ernesto Daniel Andia, 
Secretario technico del Hospicio de las Mercedes; Jefe de Clinica de |a 
Catedra de Clinica psiquiatrica del Prof. Dr. Gonzalo Bosch. Paper. Price 
not given. Pp. 94. Buenos Aires, Argentine Republic, 1935. 

This monograph by Andia contains largely the results of his own investigations 
of the anatomic and pathologic characteristics of the choroid plexus. The various 
constituents of this formation—the tuft cells, blood vessels, nerves, etc., are 
described in great detail. The subject is also treated histopathologically and from 
the point of view of the embryologic and comparative anatomic features. For 
comparative anatomic studies Andia chose the choroid plexus of the hare (Lepus 
europeus), and of pathologic conditions he describes meningitis, dementia paralytica 
and angiomatosis. The spinal fluid is discussed in six pages. It originates, of 
course, in the choroid plexus, but the author enumerates briefly other views. He 
attaches much importance to the presence of the corpora arenacea in the glomus 
of the choroid plexus and sees in them clinical significance. 

The presentation is clear and conscientious and contains sixty illustrations, some 
in colors. No literature is appended, though the names of many authors are 
mentioned. It is a complete, enthusiastic and plain presentation of the present 
knowledge of the choroid plexus. 


INTRODUCTORY NOTE 


This issue of the ARCHIVEs is dedicated to Dr. Adolf Meyer on this 
twofold occasion of his seventieth birthday and the twenty-fifth anni- 
versary of the founding of the Henry Phipps Psychiatric Clinic. The 
articles published in this issue have been contributed by pupils of 
Dr. Meyer. 

The officers of the American Medical Association and the members 
of the editorial board of the AkcHIVEs express in this way to Dr. Meyer 
their congratulations and their feeling of deep appreciation for his 


services to psychiatry and to American medicine. 
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